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PREPARATION OF d-TYROSINE, ITS ACETYL DERIVATIVES, 
AND d^,4rDIHYDROXYPHENYLAEANINE* 

Br ROBERT RIDGELY SEAIOCK 
(From the Department of Chemistry, Iona Stale College, Ames ) 

(Received for publication, Jana 18, 1946) 

In the continued investigation of the rdle of ascorbic acid in the metabo- 
lism of tyrosine (1), relatively large amounts of the unnatural isomer of the 
ammo acid, the acetyl denvativ es, and the unnatural 3 ,4-<bhydroxyphenyl- 
alanine were required The preparation of d-tyrosme by resolution of the 
synthetic benzoyl derivative has been described by Fischer (2) Later 
Abderhalden and Stckel (3) reported the resolution of the formyl derivative 
of tyrosine racemized by extensive treatment with strong sodium hydrox- 
ide Since the acetyl compound was also desired, the conv ement catalytic 
racemization procedure described by du Vigneaud and Meyer (4) should 
afford ready access to the mactiv e compound Racemization in this case 
is accomplished by treatment of the sodium salt of the ammo acid m 
aqueous solution with an excess of acetic anhydride, diacetyl-dZ-tyrosme 
being obtained This method is of additional v alue, for it permits the use 
of the readily available natural isomer 
In preliminary tests the diacetyl-dl-tyrosme failed to yield satisfactory 
crystalline salts with l-brucme In contrast, the N-monoacetyl-dZ-tyrosme 
in absolute alcohol gave excellent yields of the salt of the dextro enantio- 
morph, a high degree of punty being obtained m the first crystallization. 
The preparation of the monoacetyl compound was accomplished by dissolv- 
ing the diacetyl derivative m sufficient sodium hydroxide to make the 
solution more alkaline than pH 8 5, as described by Hemott (5) Conse- 
quently, in the method finally evolved, the isolation of the diacetyl deriva- 
tive was omitted, the acety lation-racemization reaction being followed 
(after distillation of the excess acetic acid) with alkaline hydrolysis N-Ace- 
tyl-dZ-tyrosme was then isolated in 90 to 95 per cent yield 
The crystalline brucine salt after three or four recrystallizations from 
alcohol exhibited maximum rotation and was subsequently decomposed. 
The acetyl-d-tyrosme so obtained was then used as such or hydrolyzed to 
d-tyrosme Calculated on the basis of the racemic acetyl derivative used, 
over-all yields of 70 per cent were observed 
From the mother liquors of the resolution procedure the brncme salt of 

‘The work described in this paper was initiated while the author was at the Um- 
rermty of Rochester, Rochester, New York- 
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the levo isomer may be obtained by evaporation of the alcohol and crystal- 
lization of the residue from water Such a procedure is of value only in 
special circumstances, as, for example, when excess of isotopic atoms have 
been mtroduced into the tyrosine molecule In practice it has been found 
expedient merely to recover the tyrosine from the above mother liquors for 
purpose of reracemization and resolution 

Preparation of the additional acetyl derivatives of l- and d-tyrosine was 
accomplished by standard procedures N-Acetyl-Z-tyrosine was made by 
the method described by du Vigneaud and Meyer (4), m which method the 
solution is maintained alkaline throughout the course of the reaction The 
diacetyl-Z- and diacetyl-d-tyrosine were prepared according to the direc- 
tions of Bergmann and Zervas (6) for the levo compound However, con- 
sideration of the various procedures employed led to interesting conclusions 
concerning the acetylation of tyrosine As du Vigneaud and Meyer (4) 
have demonstrated, the catatytic racemization of a-amrno acids occurs in 
iveakly acid solution in the presence of sodium acetate and acetic anhydride 
In the case of tyrosine the racemic diacetyl derivative is formed In con- 
trast, when the acetylation is performed m the presence of excess sodium 
hydroxide, the optically active N-monoacetyl compound is obtained as 
likewise described by these authors The production of the diacetyl in the 
one case and the monoacetyl in the other is understandable on the basis of 
the method of Hemott (5), for m the more alkaline solution the O-acetyl 
group is removed as fast as it is formed 

If this is true, then one w ould predict that the preparation of either the 
diacetyl-/ or diacetyl-d compound is best earned out by acetylatmg tyro- 
sine with ngid control of the pH By constantly maintaining the pH 
betw een C 0 and 8 0, the diacetyl denvative should be obtained without 
racemization occurring This proved to be the case, for several experiments 
in which the pH was mam tamed between these limits resulted m the produc- 
tion of the desired isomer completely free of the opposite form 

For the sake of convenience a tabulation of the l- and d-tyrosmes and their 
respectne acetyl denvatives is presented The bibliographic reference 
numbers m the final column (Table I) indicate previous descriptions of these 
compounds 

The ar ailabihty of d-tyrosine also has made it possible to prepare d- 3,4- 
dihj droxyphenylahnine by the method used by Waser and Lewandow'ski 
(9) for the lero isomer In this method tyrosine was nitrated m the 3 
position, reduced, diazotized, and subsequently converted to the dihydroxy- 
amino acid By tins means d-tyrosine likewise gave satisfactory yields of 
the desired dextro cnantiomorph which agreed m its properties with those 
described b} Hanngton and Randall (10) These authors obtained the 
unnatural isomer bj resolution of the synthetic compound 
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EXPRRXitE.NTAL 

Preparation of N-Acclyl-dl-tyrosinc— 100 gm of i-tyrosme were dissolved 
in 1120 ml of jt sodium hjdroxide and 400 ml of redistilled acetic anhy- 
dride were added in ten portions at 10 minute interv nls with continuous 
stirring The reaction mixture was allowed to stand in a water bath at GO- 
70 0 for 6 hours, after which the calculated amount of 6 N sulfunc acid ex- 
actly to neutralize the sodium hydroxide was added In order to remov e 
the acetic acid, this solution was distilled to a thick syrup in lacuo and 
again concentrated with two portions of water The material soluble in wet 
acetone, after remov al of the acetone b> distillation in lacuo, was dissolved 


Table I 

Tyrosine and Acelyllyrosmc Dcnvattre* 


melting points are corrected Optical activity was measured with the D line 
of sodium Following the specific rotation are the items of concentration, solvent, 
and temperature respective!) 
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1-Tyroane 


181 


-10 6 (4%,j.HCI,22°) 

7 73 

7 74 


d-Tyrosme 

<€ 

181 


+10 3 (4% “ “ 25”) 

7 73 

7 71 


N-Acetyl-rfl- 

CnHjjO«N - 

341 

94- 95 

0 

5 81 

5 85 


(monohydrate) 

HjO 







Iv -Acetyl 

CnHijOiN 


153-154 

+47 3 (0 57c, H, 0,26°) 

6 2S 

6 33 

(4,7) 

N-Acetyl -d- 

it 


153-154 

-48 3 (0.5%, " 25°) 

6 2S 6 33 


Discetyl -dl 

CxaHijOjX 

265 


o 

EE] 


(4) 

Diacetyl -1- 

u 

265171-172 


5 28 

5 19 

(6,8) 

Diacetyl-d- 

II 

265J171-172 

-38 7 (0 5%, “ 26°) 

5 2Sj5 13 



in 100 ml of water for purpose of hydrolysis of the acetoxy group 400 ml 
of 2 x sodium hydroxide were added to adjust the reaction to pH 10 to 11 
After 30 minutes at room temperature the calculated amount of 6 N sulfunc 
acid was added, and the mixture concentrated to a thick syrup The 
acetyltyrosine was separated from sodium sulfate with wet acetone, and 
then crystallized from 300 ml of water, 116 gm being obtained After 
concentration of the mother liquor and the removal of a second crop of 
crystals, the combined material weighed 120 gm Samples dried in lacuo 
over phosphorus pentoxide at 65° lost 7 60 and 7 68 per cent respectively, 
whereas 1 molecule of water of hydration is calculated as 7 47 per cent A 
yield of 90 3 per cent was thus obtained 













4 


d-TTROSINE 


Resolution of Acetyl-dl-tyrosme — 54 1 gm of acetyl-dZ-tyrosine monohy- 
drate and an equimolar quantity (88 5 gm ) of anhydrous f-brucme were 
dissolved m 550 ml of boiling absolute alcohol The 75 gm (54 per cent 
of the total amount) of impure brucine salt of acetyl-d-tyrosine which sepa- 
rated after remaining overnight or longer m the refrigerator were then 
reciystallized three or four times from 5 volumes of 95 per cent alcohol 
From repeated resolutions m this fashion the pure salt was obtained m 
average yields of 75 per cent of the theoretical, calculated on the basis of 
anhydrous material The air-dned material meltmg at 150-155° (shrink- 
ing at 130°) when further dried in vacuo over phosphorus pentoxide at 100° 
v as found to decrease from 7 85 to 10 6 per cent m weight Consequently, 
all samples for analytical purposes were dried to constant weight under the 
above conditions A 0 5 per cent solution of the anhydrous salt in 95 per 
cent alcohol gave [ale 8 = —42 3° Nitrogen analysis gave 6 76 per cent, 
as compared to the calculated v alue of 6 80 per cent 

For purposes of reference, the brucine salt of acetyW-tyrosine was pre- 
pared The original mother liquor was evaporated to dryness in vacuo, the 
alcohol bemg completely removed by three distillations with small portions 
of Mater The residue was then reciystallized from 5 volumes of water 
After two recrystallizations, the air-dned material, mp 110-112° with 
shrinking at 94°, represented 74 per cent of the theoretical and contained 
5 8 per cent moisture A 1 per c4nt solution of the anhydrous salt in alcohol 
gave [a]; 5 = +10 7° 

Ordinarily the mother liquors obtained from the recrystallization of the 
d salt are used only for the purpose of recovering the brucine and tyrosine 
The brucine salt is decomposed and the acetyltyrosine solution treated with 
hydrochloric acid The free tyrosine is again subjected to the racemization 
procedure 

Preparation of Acelyl-d-tyrosinc — The brucine salt of acetyl-d-tyrosine 
Mas dissolved m 20 volumes of M’arm water and, after quickly cooling to 
approximately 40°, 2 n sodium hydroxide was added until the reaction was 
alkaline to phenolphthalem The brucine was removed by filtration after 
12 hours in the cold and thoroughly M’ashed Math cold Mater The com- 
bined alkaline filtrates were extracted five times Math chloroform to remove 
traces of brucine After addition of the calculated amount of 6 n sulfunc 
acid and evaporation to dryness, the acetone-soluble material was crystal- 
lized from 100 ml of n ater From 88 gm of brueme salt 22 gm of acetyl-d- 
tj rosine representing a 69 per cent yield were obtained The mother liquor 
maj be concentrated to obtain additional material, although m practice it 
has been preferable to hydro!} ze the residue to free d-tyrosine 

d-Tyrosinc — The unnatural isomer has been obtained by suspending the 
crystalline acetyl derivative m 10 volumes of 5 n hydrochloric acid and 
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gently refluxing for 2 5 hours The excess acid -was removed by concen- 
trating in lacvo, and redistilling to dryness with three portions of water 
The residue was dissolv ed m water, treated with nont, and free d-tyrosine 
precipitated by the addition of excess sodium hy droxide and sufficient acetic 
acid to make the solution just acid to litmus By this method pure d-tyro- 
sme is obtained m 93 per cent yield The over-all yield from the original 
tyrosine is thus 62 to 66 per cent 

Diacctyl-d-iyrosine — Since acetylation of l-tyrosme in alkaline solution 
(pH >8 5) yields N-monoacetyld-tyrosine and in acid solution (excess 
acetic anhydride) yields diace ty 1-dZ-tyrosine, the following method was used 
to prepare either the dextro or levo diacetyl derivative 
In a beaker placed in an ice bath, 15 gm of d-tyrosme were dissolved in 
42 5 ml of 2 x sodium hydroxide and 25 ml of water In the solution were 
suspended the extension electrodes of a Beckman pH meter and a motor 
stirrer From a burette 24.0 ml of acetic anhy dnde were added dropwise 
From a second burette 2 j. sodium hy droxide was also added dropwise and 
at such a rate that the reaction of the mixture was mam tamed between pH 
6 and 8 The ice bath was then remoV ed and the reaction mixture allowed 
to stand at room temperature for 30 minutes 6 N sulfunc acid exactly to 
neutralize the sodium hy droxide was added, and the filtered solution imme- 
diately taken to dryness tn taciw The dmcety 1 -d-tyrosine was obtained 
in crystalline form by acetone extraction and solution in water 16 5 gm 
(75 per cent), melting at 172°, were obtained 
In the case of the lev o isomer, this method yielded a final product which 
exhibited the properties described by Bergmann and Zervas (6) and Berg- 
mann and Stem (8) 

d-3 ,4-Dihydroxyphenylalanine — d-Tyrosme was nitrated in the 3 position 
by the method of Waser and Lewandowski (9), the free ammo acid being 
obtained in ma ximum yields of 55 per cent At slightly lower temperature 
of reaction Johnsou and Kohmann (11) have reported 65 per cent yields 
In the subsequent reduction and conv ersion to the hy droxy compound (9) 
m a x i m um yields of 68 and 85 per cent respectiv ely have been obtained 
Over-all yields of 32 to 38 pier cent are thus readily achieved 

EU1QIABY 

The preparation of d-tyrosme from the readily av ailable natural isomer 
has been accomplished by' catalytic racemization with acetic anhydride in 
aqueous solution and resolution of the N-acetyl-dZ compound with brucine 
A method of preparing the diacetyl-f-tyrosme or diacetyl-d-tyrosine is 
described By use of continuous pH control, racemization on the one band 
and formation, of the monoacetyl derivative on the other have been av oided 
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The acetyl derivatives of tyrosine and certain characteristic properties of 
them have been tabulated 

From d-tyrosme, d-3 ,4-dihydroxyphenylalanme has been prepared by 
methods previously recorded in the literature for the preparation of the 
natural isomer 
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STRUCTURAL SPECIFICITY OF TYROSINE IN RELATION TO 
THE METABOLIC ACTION OF ASCORBIC ACID* 

Br DANIEL H BASINSKIt act ROBERT RTDGELY SEALOCKf 

(From the Department of Vital Economics, The University of Rochester, Rochester, 

Ncio York) 

(Received for publication, July 16, 1946) 

In previous publications, it has been established that the metabolic 
handling of the amino acids phenylalanine and tyrosine bj the guinea pig 
is dependent on an adequate intake of ascorbic acid (1, 2) The premature 
infant exhibits the same dependence upon a sufficient quantity of the vita- 
nun, since in a state of deficiency intermediate compounds in the oxidation 
of these aromatic ammo acids appear m the unne, as Levine and his asso- 
ciates (3, 4) have demonstrated Phenj Ipyruvic acid follows the same 
metabolic pathway as the ammo acids when fed to the vitamin C-deficierrt 
guinea pig (2) In contrast, p-hj droxyphenj Ipyruvic acid is readily me- 
tabolized in spite of a marked state of scurvy (2) 

This striking and unexpected difference m the metabolic behavior of such 
closely related compounds suggests that the step in the metabolic cham of 
ev ents at which vitamin C exerts its effect may be determined by the use 
of properl} substituted phen>lalanme and tyrosine derivatives and inter- 
mediates 

In the experiments described here, the immediate objective has been 
the modification, one at a time, of each characteristic feature of the original 
ammo acid structure and the subsequent ev aluation of metabolic behavior 
in the scorbutic guinea pig The specificity of the lev o configuration of the 
a-earbon has been studied bj feeding the unnatural isomers, d-phenyl- 
alanrne and d-tyrosine The importance of the free amine group has been 
tested by using the N-acetj 1 denv atives of the natural or lev o forms For 
further comparison diacetj 1-1 tyrosme has been included Feeding of 
p-methoxyphenj lalarune, containing the highly stable methyl ether linkage, 
has permitted examination of the role of the para position in the aromatic 
nucleus The influence of modification of the alanine side cham has been 
determined by feeding the next higher homologue, phenylammobutync 

* The data m this paper were taken from a thesis submitted bj D H Bamnsla to 
the Graduate School of The University of Rochester in partial fulfilment of the re- 
quirements for the degree of Doctor of Philosophy 

Presented before the annual meeting of the American Society of Biological Chem- 
lstsat Atlantic Citj , New Jersey, March 11-15, 1916 [Federation Proc , 5 121 (1916)) 
t Present address, Department of Chemistry, State University of Iowa, Iowa City 
t Present address, Department of Chemistry, Iowa State College, Ames 
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acid, and the thiomethylene analogue, S-benzylcysteme In order to 
facilitate further analysis of these results in the light of previous results 
illustrative experiments with phenylalanine, tyrosine, phenylpyruvic acid, 
and p-hydroxyphenylpynmc acid are mcluded The structural relation- 
ships to which reference has been made are indicated m the accompanying 
chart of compounds, the specific feature under examination bemg marked m 
each case with an asterisk 


p >CH, CH NH, COOH 
l- or cf-phenylalanme 

QcH, C O COOH 
Phenj Ipynmc acid 

^ >CH, CH COOH 

NH COCH, 

# 

Acct> 1-Z-phcnylalamno 

CHiO o , CH NH, COOH 
Z-Mothoxyphcnj lalnnmo 

y >CH, CH, CH NH COOH 
dl-Phcnjlanunobutjnc acid 


HO< ^ ^ >CH, CH NH, COOH 
l- or d-tyrosine 

HO< ^ ^ >CH, C O COOH 
p-Hydroxyphenylpynmc acid 

HO o CH, CH COOH 

NH COCH, 

* 

Acctyl-Z-tjrosino 

CH,CO Q< ^ ^ >CH, CH COOH 

NH COCH, 

Diacetyl-Z-tyrosme 

CH, S CH, CH NH, COOH 
Z-S-Benzyl cysteine 



EXPERIMENTAL 

In this study male guinea pigs v eighmg 300 to 500 gm v ere used They 
v ere fed a basal diet of ground Purina rabbit chow (complete ration) which 
had been exposed to the air m thin layers and thus rendered almost entirely 
free of \ itamin C The compounds under mi estigation were administered 
ns a 10 per cent mixture in the basal diet, layered over additional basal diet 
so that each da\ 's supplement vould be entirely consumed Quantities of 
these 10 per cent mixtures to furnish 2 76 mu v ere used so that the amount 
of compound fed vas equivalent to 0 5 gm of tyrosine, unless otherwise 
indicated Vitamin requirements (exclusive of ascorbic acid) were assured 
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by -weekly administration, per os, of 0 5 ml of cod liver oil and dnilj addi- 
tion of 0 9 gm of dried brewers’ yeast scattered over the food 
The daily urrne samples were collected in glass ]ars containing 2 n h> dro- 
chlonc acid and were analyzed immediately after filtration and dilution 
The methods of analysis used were those previously emplojed (2) with the 
exception that the photoelectric colorimeter was used 

Tasue I 

Summary of Urinary Falun 

Each value represents the daily average for the period indicated. The yield of 
excreted metabolite is calculated on the basi s of the amount of compound fed 
The tyrosyl value la determined with tyrosine as the standard and is calculated as 


mg of tyrosine 


CoapoumJ 

Difly 

a=s<rat 

ho of 
diyi 

ASCDtblC 

add 

Excrdioa Tilats 

Koto 

acids 

Yield 

lyrtwyl 

nfct 

Yield 




**C 

nt 

fer aent 

1 ef tktcrj 


ftr cr%i 
of littry 

I Phenylalanine 


4 


164 

32 2 

196 

33 3 


0 953 

2 

10 

11 

an 

0 

0 


0 814 

2 


141 


156 

17 5 

/-Tyrosine 

0 5 

4 


no 

22 0 

180 

36 1 


0 5 

1 

20 

600 

12 0 

100 

20 0 


05 

2 

20 

4 7 

0 9 

31 3 

6 3 


, 0 5 

2 


67 8 

13 6 

113 

22 6 

d-Tyrosme 

0 5 

7 


50 4 

10 1 

105 

21 0 


0 5 

5 

20 

47 9 

9 6 

135 

27 0 

ft 

0 5 

7 


37 6 

7 5 

120 

24 0 


0 5 

5 

20 

26 9 ' 

5 4 

114 

22 8 

ft 

0 5 

3 


55 8 

11 2 

162 

32 4 


0 5 

3 

10 

33 3 

6 7 

166 

33 2 


0 5 

3 

20 i 

17 1 

3 4 

126 

25 2 

" with 0232 gm 

0 5 

3 


43 7 

8 7 

138 

27 6 

NaHCOi 

0 5 

3 

10 

30 3 

6 1 

141 

28 2 


0 5 

3 

20 

22 7 

4 5 

133 

26 6 

d Phenylalanine 

0 456 

5 


45 3 

10 0 

21 3 

4 2 


0 456 

4 

20 

44 2 

9 8 

21 8 

4 4 

// 

0 456 

5 


54 4 

12 0 

23 3 

4 7 


0 456 

4 

20 

49 0 

30 7 

23 8 

4 8 


The compounds fed were prepared by standard procedures and were 
extensively purified m order to remove as completely as possible impurities 
which might interfere with their consumption d-Phenylalanme was ob- 
tained by the resolution of the synthetic dZ-phenylalamne by the method 
of Fischer and Schoeller (5) as modified by du Vigneaud and Meyer (6) 
d-Tyrosme was prepared by the resolution of the racemic acetyl derivative 
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(7) Reference to the preparation of the other acetyl derivatives may be 
found m the same paper (7) The method of Behr and Clarke (8) applied 
to the crystalline acetyl-Z-tyrosine yielded J-methoxyphenylalamne The 
a-keto acids were prepared by the method of Herbst and Shemin (9) and 
benzylcysteme by the liquid ammonia procedure of du Vigneaud, Audneth, 
and Lonng (10) Phenylaminobutync acid was kindly supplied by Pro- 
fessor du Vigneaud and was fed as the racemic compound 

The positive action of ascorbic acid m controlling the metabolism of 
tyrosine and phenylalanine is indicated m Table I These illustrative 
experiments, as previously recorded, show the appearance of metabohtes 
in the urine in the scorbutic state and the prompt disappearance from the 
urine when ascorbic acid is administered These two features of the com- 
plete picture should be kept in mind m considering the results obtained 
with the feeding of related compounds 

In contrast, when d-tyrosine is fed to the scorbutic animal, approximately 
10 per cent appears in the urine as the corresponding a-keto acid and some- 
what more as the phenolic compound (tyrosyl value) Of greater impor- 
tance is the fact, however, that ascorbic acid produces no alteration of these 
relatively small values even though given m daily quantities of 20 mg 
These two facts together must be interpreted as signifying that the vitamin 
exerts its effect only in the metabolism of the natural isomer Or m other 
w ords, with the opposite configuration of the a-carbon, the structure of the 
compound is such that it is metabolieally handled without regard to the 
state.of vitamin C nutrition 

The significance of the levo configuration is emphasized by the entirely 
similar results obtained w hen the unnatural d-phenylalamne is fed Again, 
10 per cent appears as keto acid value m the scorbutic state and almost 
none (only 4 per cent) is excreted as tyrosyl value Just as m the case of 
the d-tyrosme experiments, the administration of ascorbic acid produces no 
change in the daily excretion of metabohe intermediates These points 
are demonstrated in Table I Consequently, one must conclude, on the 
basis of the results obtained by this experimental method, that vitamin C is 
primarily concerned m metabohe reactions involving the naturally occur- 
ring forms of these tw o ammo acids 

That the vitamin C action is even more limited is indicated by the results 
obtained w lien the compounds listed in Table II are fed Whereas phenyl- 
pyruvic acid metabolism is vitamin C-dependent, p-hydroxyphenylpyruvic 
acid, as far as urinary' analysis is able to show', is metabolized by the scor- 
butic animal with very little excretion of intermediate products One 
experiment with each compound is included from a previous report (2) for 
purpose of comparison 

Likewise, when the ammo group is acetylated, the molecule is no longer 
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Table II 

Summary of Analytical Remits 

Each value represents the daily average for tLc penod indicated The yield 
of excreted metabolite is calculated on the bans of the amount of compound fed 
The tyrosyl value is determined with tyrosine as the standard and is calculated as 
mg of tyrosine 







Excretion vxlaes 


Compound 

Diily 
! amount 







dijn 

tad 

Keto 

tads 

Yield 

Tyrosyl 

vxlae 

Yield 


P** 


«r 

«r 

f*r ceni 
cj tktery 

ns 

p*r uni 

tf iketyry 

Phenylpyrunc acid 

0 69* 

7 


185 

24 3 

128 

16 7 


0 795 

5 

10 

101 

12 7 

0 

0 


0 831 

6 


146 

16 0 

79 

8 6 

Hydroxyphenylpyruvic 

1 00 

5 


33 8 

3 4 

151 

15 1 

acid 

1 06 

2 

10 

55 4 

5 2 

176 

16 6 


1 44 

2 


55 5 

3 9 

237 

16 5 

N-Acetyl-J-phenylalsmne 

0 572 

5 


8 5 

1 9 

22 8 

4 6 


0 572 

4 

25 

7 7 

1 7 

24 4 

4 9 

N - Acetyl -I-tyrosine 

1 01 

9 


2 1 

0 3 

123 0 

14 6 


0 97 

5 

10 

2 6 

0 3 

152 0 

19 3 

<( 

0 616 



5 3 

1 1 

49 8 

10 0 


0 616 


20 

6 1 

1 2 

74 2 

14 8 

(( 

0 301 



5 4 

2 1 

48 8 

19 8 


0 365 


20 1 

51 

1 7 

52 6 

17 8 

ft 

1 00 

8 


4 4 

0 5 

110 

13 5 


1 17 

3 

20 

4 9 

0 5 

134 

14 1 

ft 

0 717 

8 


2 3 

0 4 

65 7 

11 3 


0 930 

5 

10 

3 4 

0 5 

93 8 

12 4 

" with 

0 616 

7 


5 8 

1 2 

44 7 

8 9 

0.232 gm NaHCO, 

0 616 1 

5 

20 j 

7 3 

1 5 

72 7 

14 5 

DiacetyW tyrosine 

0 732 

5 


5 1 

0 7 

80 2 

11 7 


0 732 

4 

25 

4 8 

0 7 

76 8 

11 2 

l p Methoryphenyl- 

0 539 

4 


129 

28 5 

26 4 

5 3 

alanine 

0 539 

4 

20 

SS 5 

19 5 

21 3 

4 3 


0 467 

4 


79 4 

17 0 

16 5 

3 8 


0 356 

5 

20 

76 2 

23 1 

15 6 

4 7 


0 500 

4 


65 9 

15 6 

27 2 

5 9 


0 500 

5 

20 

47 8 

11 4 

35 5 

7 6 


0 500 

2 


36 3 

8 6 

32 8 

7 1 


0 505 

6 


91 3 

21 5 

21 8 

4 7 

dl Phenylammobutync 

0 539 

5 

20 

136 

30 0 

21 8 

4 3 

0 500 

2 


153 

32 2 

0 

0 

acid 

0 500 

6 

18 

132 

28 7 

0 

0 

IS Benzylcysteine 

0 473 

3 


74 3 

22 0 

0 

0 


0 500 

3 

20 

77 0 

19 8 

0 

0 
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under the control of vitamin C, as the values in Table II show It must 
be pointed out that one could have expected the acetyl group to be removed 
by hydrolysis m the intestine Had this occurred, however, the results 
v, ould have been essentially the same as those obtained m the feeding of the 
free amino acid The results are distinctly different, therefore hydrolysis 
must not have occurred and thus the results obtained clearly demonstrate 
the importance/ of the free ammo group m the course of the metabolic 
processes controlled by the vitamin The excretion values with both 
acetyl-Z-tyrosine and acetyl-Z-phenylalanme are ex-tremely low in both the 
vitamin C-free and vitamin C-supplemented periods, as may be seen in 
Table II 

The inherent structure of tyrosine permits further evaluation of essential 
structural features, for the phenolic hydroxyl group may also be acetylated 
As shown m Table II, the feeding of diacetyl-Z-tyrosine led to entirely nega- 
tive results as far as dependence upon the vitamin is concerned The 
results summarized in Table II do not permit complete distinction between 
the compound and N-acetyl-Z-tyrosine, for hydrolytic cleavage of the 0- 
acetyl group cannot be entirely eliminated The same question, however, 
may be examined by the use of a compound in which the para position is 
substituted with, a group believed to be considerably more stable under 
physiological conditions The feeding of Z-p-meth oxyphenyl alanine (Ta- 
ble II) resulted in the excretion of around 20 per cent of the fed compound 
as a-heto acid but the 'administration of ascorbic acid did not affect the 
amount excreted The tyrosyl values at the same time were very low 
(basal values) m both periods Consequently it must be concluded that 
the introduction of the methyl group alters the original amino acid struc- 
ture sufficiently so that it no longer participates m the senes of reactions 
regulated by the vitamin 

It should be pointed out that m these experiments the p-meth oxyphenyl - 
pyruvic acid proved to be so insoluble that it crystallized from the urine 
By rinsing the collecting funnel and jar with alcohol it was returned to solu- 
tion for purpose of analysis The 20 per cent referred to above and in 
Table II therefore includes the total amount excreted The marked in- 
solubility of the compound made it possible to isolate, purify, and identify 
it by' chemical means 

Further modification of the ammo acid molecule is made possible by 
lengthening the side chain and the interpolation of a thiomethylene group 
in the side chain, as represented in the compounds phenylammobutync 
acid and Z-S-benzylcysteme, respectively In each case the conversion of 
the compound to keto acid which amounted to 15 to 30 per cent was un- 
affected by administration of vitamin C to the scorbutic guinea pig Ex- 
amination of Table II also shows that no significant production of phenolic 
compound occurred 
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DISCUSSION 

By means of urinary analysis, results have been obtained which clearly 
point to a very selective action of ascorbic acid in connection with the 
metabolism of phenylalanine and tyrosine Only these two ammo acids 
and phenylpyravic acid haie shown any dependence upon the intake of 
ascorbic acid All of the others which represent various modifications of 
the original amino acid structures proved to be completely independent of 
the state of vitamin C nutrition Additional emphasis to this conclusion 
is available in a consideration of the analytical methods employed The 
three methods chiefly used permit detection of alterations m the unnary 
content of ketone compounds (2,4-dimtrophenylhydrazine), phenolic sub- 
stances (Bernhard t-Millon) , and reducing molecules (acid phosphomolyb- 
date) In addition extensixe fractionations have been utilized in an 
effort to find compounds which might have escaped the reactivity of the 
analytical reagents 

The modification of structure, a single feature at a time, which produced 
metabolically vitamin-independent compounds included each of the more 
obvious component parts of tyrosine Represented were the levo configu- 
ration of the a-carbon, the unsubstituted amine radical, the unsubstituted 
para position m the benzene nucleus, and the characteristic alanine side 
chain In addition, the a-keto acid which is produced by the oxidative 
deamination of tyrosme exhibited no dependence upon ascorbic acid m the 
intact guinea pig 

The results obtained with the phenylalanine and tyrosme derivatives 
mav be regarded, in one light, as being negative They have, however, 
guided the problem into a more direct attack, namely , the study of specific 
tissues and their ability to oxidize tyrosme when supplied with adequate 
and inadequate quantities of the vitamin in question The results so far 
obtained (11) and the subsequent application of the tn intro method already 
promise a more complete understanding of the findings described in this 
instance 


SUMMARY 

A senes of phenylalanine and tyrosme denvatives has been fed to scor- 
butic guinea pigs with and without ascorbic acid supplementation 
The compounds used were d-tyrosme, d-pbenylalanme, N-acetyl-Z- 
phenylalanme, N-acetyl-Z-tyrosine, diacetyl-l-tyrosme, 1-p-metboxyphenyl- 
alanme rff-pheny Iaminobutync acid, and Z-S-benzylcysteme Each rep- 
resents a specific modification of the onginal ammo acid structure 
The values reported for daily unnary excretion of keto acid and phenolic 
(tyrosyl) xalues for each compound have exhibited no correlation with the 
state of ascorbic acid nutation "With this method of study it then may be 
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concluded that each is metabolized by the guinea pig independently of 
ascorbic acid 

Added emphasis has thus been given to the previously recorded finding 
that /-phenylalanine, phenylpyruvic acid, and /-tyrosine are the compounds 
exhibiting an ascorbic acid-dependent metabolism 
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REMOVAL OF PLASMA PHOSPHOLIPIDES AS A FUNCTION OF 
THE LIVER THE EFFECT OF EXCLUSION OF THE LIVER 
ON THE TURNOVER RATE OF PLASMA PHOSPHOLIPIDES 

AS MEASURED WITH RADIOACTIVE PHOSPHORUS 

Br C ENTENMAX, I L CHAIKOFF, and D B ZILVERSMIT 
(Fron the Division of Physiology, University of California Medical School, Berkeley ) 

(Received for publication. May 2S, 1946) 

Although the reaction mv olvmg the incorporation of inorganic phosphate 
into phospholipides is not restricted to any one tissue (surviving slices of 
liver, kidney , brain, spinal cord, small intestine, and muscle (1) hav e been 
shown to effect this reaction), the phospholipides contained in plasma are 
synthesized mainly by the liver (2) This function of the h\ er in the 
formation of plasma phospholipides was demonstrated by companng the 
rates at nhich labeled inorganic phosphate introduced into the blood stream 
is converted to labeled plasma phospholipides by the normal and the liver- 
less dogs, negligible amounts of labeled phospholipides were recovered in 
the plasma of the latter as late as 6 hours after excision of the h\ er (2) 

The present investigation deals with another phase of the metabolism of 
plasma phosphohpides, namely, their removal as measured by the rate at 
which intravenously introduced, labeled (such as radioactive) phospho- 
hpides disappear from the blood stream 

EXPERT! CENTAL 

Preparation of Labeled Plasma Phospholipides — The method used here for 
obtaining radioactive plasma phosphohpides has been described elsewhere 
(3) Each of the donor dogs receiv ed by stomach tube 2 to 3 milhcunes of 
radioactive inorganic phosphate Blood was removed from the dogs 20 to 
30 hours later, treated with hepann, and the plasma separated by centrifu- 
gation This plasma, which contained the radioactive phosphohpides, was 
injected intravenously into dogs and the rate of disappearance of the labeled 
phosphohpides from their plasma measured 
Preparation of Animals — The dogs used m this study were maintained for 
about 3 weeks on a stock diet, the composition of which has been described 
elsewhere (4) After being fasted for 24 hours they were eviscerated in the 
following manner Each dog was anesthetized with ether and injected with 
I mg of atropine sulfate to inhibit salivation The abdominal cavity was 
opened and the inferior mesenteric artery ligated and severed Two clamps 
were applied to the lower end of the pelvic colon and the gut severed be- 
tween them The celiac axis was exposed, its arteries clamped, and their 
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connections with the gastrointestinal tract severed The portal vein was 
cut in a similar manner The esophagus was clamped just below the 
diaphragm and the entire gastrointestinal tract removed from the ab- 
dominal cavity, but the liver was left m situ A towel wet with saline was 
placed in the cavity and the abdominal cavity closed The entire pro- 
cedure as a rule occupied less than 15 minutes After recovery from the 
anesthetic the dogs behaved normally and were m no apparent pam Blood 
was removed for analyses at various intervals throughout the experiment 

It should be noted that the eviscerated animals showed no symptoms of 
shock They walked around and behaved m a normal manner Hemato- 
crit readings, obtained each time that blood samples were taken, did 
not deviate from the normal Such observations are in agreement with 
those of other investigators (5) 

Analytical Procedures — The methods employed for determination of 
phosphokpide P 31 and phosphohpide P 32 have been descnbed elsewhere (3) 
Total fatty acids and cholesterol were determined by oxidative methods (6) 

Results 

The liver of the eviscerated dog, although it received no blood by way of 
the portal vem or hepatic artery, is left in situ Several investigators have 
pointed out that in such a preparation the liver is not completely excluded 
from the circulation (7) In order to test the functional significance of the 
residual circulatory connections of the liver of the eviscerated dog, its 
capacity to contribute phospholipides to plasma was investigated 

Test of Evisceration — Eight dogs were eviscerated and immediately there- 
after injected intravenously with radioactive inorganic phosphate Each 
dog received 10 cc of an isotonic solution of Na 2 HPO< containing 2 
milhcunes of radioactive phosphorus Blood was removed from the 
animals at intervals of 4 to 9 hours after the radiophosphorus had been 
introduced into the circulation, and radiophospholipides of the plasma 
determined It is apparent from Table I that the quantity of radio- 
phosphohpides m the plasma of the eviscerated dog is negligible as com- 
pared with that previously observed in normal dogs (8) Since plasma 
phospholipides arc synthesized m the liver, it may be concluded that any 
circulation of the liver remaining after the portal vem and hepatic artery 
are severed is of little significance so far as the synthesis of plasma phos- 
pholipides is concerned 

Effect of Evisceration on Lipide Content of Plasma — The effect of eviscera- 
tion upon the concentration of phospholipides, total fatty acids, and 
cholesterol in plasma is recorded in Table I In each dog the level of each 
hpide constituent was measured immediately before and at one or more 
intervals after evisceration 
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No appreciable decrease in the concentration of phosphobpidcs occurred 
in any of the eight dogs examined The maximum difference between the 
values found before and after evisceration did not exceed 12 per cent 
The levels of total iatt> acids m the plasma were also unaffected by 
evisceration In seven of the eight dogs the values for total fatty acids 

Table 1 

Plasma Lipidee of Eviscerated Dog (imfA Hepatic Artery Steered) 


The lipides are expressed as mg per 100 cc of plasma 
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253 1 

0 13 

3-46 

18 2 

Before 

108 

48 

60 

298 

406 

172 




5 

93 

25 

68 

324 

417 

158 

0 IS 

3-50 A. 

10 0 

Before 

154 

45 

109 

424 

578 

270 




5 

146 

44 

102 

427 

573 

250 

0 16 

3-50B 

9 0 

Before 

174 

65 

109 

408 

582 

300 




4 

169 

81 

88 

354 

523 

284 

0 17 


•PEP refers to phosphohpide phosphorus, r u to radioactive units as determined 
bj the Geiger-Mfiller counter Specific activity is calculated as r u PLP n mg 
PEP”, the PLP' J being expressed as a percentage of the injected P” 

t Received intravenously 2 gm of glucose in 25 cc of isotonic saline e\er> hour 
following evisceration 

observed after evisceration were either the same as, or slightly higher 
than, the corresponding preoperativ e values (Table I) The concentration 
of total fatty acids found in the plasma of Dog 3 -5011 4 hours after eviscera- 
tion is about 15 per cent Ion er than the preoperative value 
No demonstrable change m the level of either free or ester cholesterol 
nas produced by evisceration 

















18 


PLASMA PHOSPHOLIPIDES IN LIVER 


Table II 


Disappearance of Injected. Radiophosphohpides from Plasma of Eviscerated Dogs 

( with Hepatic Artery Severed ) 


Dog 

No 

Body 

v-eight 

Mins after 
PLP»* 
injection 

R u f PLP” 
per cc 
plasmaj 

Mg PLP’ 1 
per cc. 
plasma j 

Specific 
activity of 
PLP, X 10-* 

Turnover time of plasma 
phospholipide before or 
alter evisceration (mm )\ 








1 | 

9 0 

(E\ isceratcd) j 




1 


45 

795 

1 I 

6 50 | 


J 


180 

597 

ms 

5 62 




300 

521 

0 104 

5 00 




3G0 

475 

0 10S 

4 40 

After 920 

o 

S 7 

55 

1156 

0 073 

15 8 




60 (Eviscerated) 






90 

1140 

KESa 

15 7 




185 

102S 

BIS 

14 1 




270 

1030 

■13 

14 1 




345 < 

1000 

cm 

14 1 

After 10,000 

3 

G 8 

55 

1540 

0 167 

9 21 




CO (Eviscerated) 

! 





75 

1540 

0 173 

S 90 




175 

1270 

j 0 176 

7 22 




255 

1188 

0 173 

6 S5 




330 

1010 

| 0 176 

5 74 

After 640 

4 

6 5 

90 

584 

0 117 

5 00 




! 100 (Eviscerated) 






110 

577 

0 117 

4 92 




170 

502 

0 116 

4 85 

1 



230 

537 

0 116 

4 65 




290 

527 

0 115 

4 58 

After 2500 

5 

7 8 

95 

592 

0 110 

5 40 




105 (Eviscerated) i 






115 

5S5 


5 47 




175 

547 


5 22 





530 

Kia 

5 07 

After 2000 

C 

8 7 

40 

517 

0 074 

7 03 

Before 380 



95 

367 


5 95 




180 

347 

0 072 

4 86 




185 (Eviscerated) 






210 

3S0 

0 078 

4 44 




255 

34S 

0 078 

4 35 




315 

273 

0 007 

4 12 



1 

375 

26S 

0 065 

4 18 

After 2250 
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Tabu: II — Concluded 




Bodr 

■weight 

Mias, filer 
PLP* 3 * 

wjeeUem 

R tt t PLP» 
per cc. 
pbjznat 

Ms PLpn 
per cc. 

Specific 
ictmty of 
PLP XlCr« 

Turnover lore of plisma 
phosphohpide before or 
alter cvisccnlioa (cun )* 


if 






7 

15 0 

60 


0 131 

8 78 

Before 420 



125 


0 123 

7 « 




210 

775 

0 123 

6 30 




215 (Eviscerated) 






265 

733 

0 119 

6 16 




305 

6S6 

0 112 

6 12 




370 

667 


5 95 




430 



5 89 

After 3400 

s 

18 0 

50 

870 

0 120 

7 25 

Before 410 



145 

734 

0 126 

5 S2 




215 

630 

0 131 

4 81 




1 220 (Eviscerated) 






275 


0 123 

4 87 





5S5 

0 123 

4 75 




415 

510 

0 125 

4 31 

After 4750 

9 

7 0 

60 

2575 

0 124 

20 8 

Before 5S0 



120 

2180 

0 126 

17 2 




ISO 

2100 

0 128 

16 4 




185 (Eviscerated) 






265 

2090 

0 12S 

16 3 




325 

2050 

0 127 

16 2 




385 

2030 

0 127 

16 0 

After 9500 


* PLP refers to phosphohpide phosphorus 

t Radioactive units as determined bv the Geiger Muller counter The specific 
activity is calculated as the ratio of r u PLP r mg PLP’i 

I The tumoier tune is defined as the tune required for the disappearance of an 
amount of plasma phosphohpide equal to that present in the plasma (3) 


Phosphohpide Tumoier Time — Since in the absence of the In er labeled 
plasma phosphohpides were not synthesized from injected P”, the finding 
that the level of this plasma hpide remained constant in the liverle^s dog 
suggests that in the latter the removal of plasma phosphohpides had 
practically ceased To test this point, evisceration and severance of the 
hepatic artery were earned out m nine dogs (Table II) Before eviscera- 
tion all nine dogs received mtrav enouslv plasma containing radioactive 
phosphohpide The changes that occurred in phosphohpide P- and 
phosphohpide F 1 with time are recorded m Table II The lumoier time 
for plasma phosphohpide, t e the tune required for the disappearance of an 
amount of plasma phosphohpide equal to that present in the plasma, was 
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calculated after the maimer described elsewhere (3), and the values shown 
m Table II 

In the first five dogs (Table II) the radiophosphohpide was injected jus! 
before evisceration, it was therefore possible to obtain measures of turnover 

Table III 


Disappearance of Injected Radiophospholipides from Plasma of Eviscerated Dogs 

( with Hepatic Artery Intact ) 


Dog 

No 

Body 

weight 

Mins after 
PLpu 
injection* 

R u fPtptt 
per cc. 
plasma 

Mg PLP** 
per cc 
plasma 

Specific 
activity of 
PLP,} X10-» 

Turnover time of plasms 
phosphohpide before and 
after evisceration (min ) 


H 



Wtm 



10 

19 0 

46 

690 


6 76 

Before 280 



75 

620 

■m 

6 08 




107 

585 

0 101 

5 73 




130 (Eviscerated) 






135 

604 


4 54 




195 

502 


3 78 




263 

416 


3 12 




315 

409 

t 

0 133 

3 07 

After 280 

11 

12 6 

43 

713 

0 133 

5 48 

Bofore 430 



74 

705 


5 41 




| 105 

632 

0 127 

4 85 




135 (Eviscerated) 






140 

651 

0 140 

4 65 




205 

657 

0 140 

4 29 




260 

444 

0 140 

3 17 




335 

404 

0 145 

2 8S 

After 430 

12 

16 0 

42 

822 

0 100 

7 98 

Before 350 



75 

746 

0 103 

7 25 




135 

630 

0 104 

6 11 




160 (Eviscerated) j 






157 

630 

0 107 

6 00 




217 

490 


4 66 




2S0 

402 

0 106 

3 82 




337 

364 

0 103 

3 47 

After 350 


* PLP refers to pliospholipido phosphorus 

t Radioactive units as determined by tbo Geiger-Mtlller counter 
t Specific activitj is calculated as the ratio of r u PLP” mg PLP” 


times onlj for the interval after evisceration The values obtained, even 
though much higher than normal, varied considerably This variability 
made it desirable to compare the turnover time of plasma phospholipides 
in the same dog before and after evisceration This was done in the last 
four dogs in Table II The values found for turnover time in these four 
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dogs before evisceration fell within the range reported earlier (8) , they were 
respectn ely 380, 420, 410, and 5S0 minutes Following evisceration the 
values increased to 2250, 3400, 4750, and 9500 minutes, respectively 
It is evident from the aboi e data that in the eviscerated dog the turnov er 
of plasma phosphohpides practically stops In this type of preparation, 
the entire gastrointestinal tract is excised and the liver excluded from the 
circulation In order to determine whether this impaired turaov er results 
from the removal of the liver or from the removal of the gastrointestinal 



Fig 1 Semdoganthmic plot of the specific activities of phospholipide phosphorus 

against time • ** Dog 7 (Table IX) , O — Dog 10 (Table III) , *» the average 

of three normal dogs (3) 

tract or from both, the following experiment was carried out Three dogs 
were injected with plasma containing radioactive phosphohpides, and 
130 to 150 minutes later were eviscerated in the manner previously de- 
scribed, with (he exception that the blood supply to the liver via the hepatic 
artery was not interfered with The changes in the phospholipide P” and 
phospholipide P 11 content of plasma in these dogs and the turnover tunes 
are presented m Table III The data demonstrate clearly that, if the 
arterial blood supply to the liver is intact, the complete removal of the 
gastrointestinal tract, pancreas, spleen, etc , has no effect on the rate of 
disappearance of plasma phosphohpides 
Fig 1 shows a plot of the specific activities of plasma phospholipide 
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phosphorus on a logarithmic scale against time The curves were drawn 
from data obtained for (1) the average of three normal dogs (3), (2) an 
eviscerated dog (Dog 7, Table II) m which the hver was deprived of blood 
supply from portal vein and hepatic artery, (3) an eviscerated dog (Dog 10, 
Table III) m which the blood supply to the liver via the hepatic artery was 
left intact The disappearance of labeled phosphohpides from the plasma 
of the normal dog proceeds at a constant rate throughout the 5 hour expen 
ment So long as the blood supply to the hver by way of the hepatic arterv 
is left intact, remov al of the gastromtestmal tract has no apparent effect 
on the disappearance of labeled phosphohpide from the plasma TF/icn, 
hoivever, (he blood supply (o (he liver via (he hepatic artery was eliminated tn (he 
eviscerated dog , there occurred an abrupt decrease in the rate at which labeled 
phosphohpides disappeared from the plasma 

DISCUSSION 

6 hours after the injection of radioactive inorganic phosphate, negligible 
amounts of radiophosphohpide can be recovered from hverless dogs made 
so either by complete excision of the hver (2) or, as in the present study, 
by excluding this organ from the circulation Although such findings have 
been offered as evidence for the view that the hver is the mam site for 
synthesis of plasma phosphohpide, the possibility that the extrahepatic 
tissues contribute to plasma appreciable amounts of phosphohpide of low 
specific activity was not ruled out That this does not occur, however, 
is shown by the data contained m Column 6 of Table II and by Fig 1 
The specific activities of plasma phosphohpide phosphorus of dogs that 
had received intravenously radioactive plasma phosphohpides did not 
decrease significantly after the hver had been excluded from the circulation 
If, in the eviscerated dog with the hver excluded from the circulation, new 
plasma phosphohpide had been formed, the specific activities of plasma 
phosphohpide phosphorus could not have remained so constant 

Since plasma phosphohpides are not synthesized in the absence of the 
hv er, the finding that the level of plasma phosphohpides remains constant or 
nearly so m the hv erless dog means that m the latter the utilization of 
plasma phosphohpides has practically ceased This suggests that the liver 
is also the mam tissue m w hich their utilization occurs Further evidence 
for this concept is provided by a comparison of the rates at which the injected 
labeled plnsma phosphohpides disappeared from the plasma of the normal 
and the hv erless dogs The fact that these labeled plasma phosphohpides 
disappeared at a normal rate when the gastromtestmal tract was removed 
but not w hen the hv er w as excluded can leave little doubt as to the sigmfi 
cance of the liver m the utilization of plasma phosphohpides 

The turnover of plasma phosphohpides did not completely stop in all 
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of the e\ iscerated dogs This may be due to small amounts of blood reach- 
ing the lii er b> routes other than the portal \ em and hepatic artery On 
the other hand, the small decrease in labeled plasma phospholipidc m the 
eMscerated dogs ma\ be indicative of some utilization of plasma phospho- 
lipide In extrahepatic tissues, a utihzation, however, that is negligible as 
com pared with that observ ed in dogs m w hich the hi er remains intact 
The results presented here raise the interesting question as to what 
function plasma phosphohpides sen e in the animal bodj The finding that 

the In er alone is «o much more important than the total mass of extra- 
hepatic tissues m their utihzation lends little support to the view that the 
mam function of plasma phosphohpides is to transport fattv acids from 
lner to other tissues 


SUMMARY 

1 The concentration of phosphohpides, total fattj acids, and cholesterol 
in plasma is not appreciably decreased bv excluding the liver from the 
circulation 

2 The rate at which mtrav enouslj injected radiophosphohpide dis- 
appears from the plasma was used as a measure of the turnover time of 
plasma phosphohpides In confirmation of earlier w ork, it was found that 
plasma phosphohpides are completelv turned over in 6 to 10 hours m 
normal dogs weighing from 7 to 18 kilos Bv depriving these dogs of 
their livers, the time required for complete turnover was prolonged to 
33 to 160 hours 

3 It is concluded that the liver is the principal tissue in the bodj con- 
cerned not onlj with the synthesis and supplj of plasma phosphohpides 
but also with their rcmoial 
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ADRENALIN IN SCURVY 

Bt SACHCH1DANANDA BANERJEE axd NARESH CHANDRA GHOSH 

(From (he Department of Mitra Research in Diabetes, Calcutta School of Tropical 

Medians, and the Applied Chemistry Department, University College of Saenee 
and Technology, Calcutta, India) 

(Received for publication, July 12, 1946) 

It was reported earlier (1) that there was a significant increase m the 
adrenalin content of the adrenal glands of scorbutic guinea pigs Un- 
fortunately the paired feeding technique was not then employed As 
inanition is always associated with the onset and development of scurvy, 
it might be argued that the results obtained were due to inanition alone 
and not to the specific effect of vitamin C deficiency In the present 
investigation, therefore, an attempt was made to study the relation of 
scurvy to the adrenalin content of the adrenal glands of guinea pigs by the 
use of the paired feeding technique 

We observed a diabetic type of glucose tolerance curve in scorbutic 
guinea pigs (2) and pointed out that the lowered glucose tolerance of the 
•scorbutic guinea pigs compared with that of normal animals might be 
partly due to an increased action of adrenalin (1) in the absence of the 
opposing action of insulin (3) The rfile of the adrenal medulla on the 
glucose tolerance test was, therefore, studied in guinea pigs in which the 
medulla had been removed, a scorbutic diet with or without the supple- 
ment of ascorbic acid and the paired feeding technique were employed 

EXPERIMENTAL 

Relation of Scurvy to Adrenalin Content of Adrenal Glands of Guinea Pigs 

Young male guinea pigs with an average weight of 225 gm were fed 
ad libitum, for 1 week, a scorbutic diet (1) with a daily supplement of 
5 mg of ascorbic acid Those animals which were growing on this diet 
were selected They were divided into two groups, housed in individual 
cages, and paired evenly so that the weights of the animals in each pair, 
one from each of the groups, were about the S3me One of the groups was 
fed ad libitum the scorbutic diet without any supplement of ascorbic 
acid for 20 days The daily food consumption of each ammal of this group 
was measured and an equivalent amount of the scorbutic diet was given 
to the corresponding ammal of the second group which received in addition 
a daily oral supplement of 5 mg of ascorbic acid All the animals were 
fed 2 drops of a concentrate of vitamins A and D twice a week In the 
evening of the 20th day the food was removed from the cages of all the 
animals The next morning, the animals were sacrificed by a blow on the 
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head, the neck veins cut, the adrenals removed and transferred to a weighed 
tube containing normal saline and a few drops of 10 per cent trichloroacetic 
acid, and the whole weighed again Adrenalin was determined by the 
method previously described (1) The results are shown in Table I 


Table I 


Determination of Adrenalin in Normal and Scorbutic Guinea Pigs 


Pair No 

Weight 

St 

death 

Weight 

adrenals 

Weight of adrenals 
per 100 body 

weight 

Adrenalin per 1 gm 
adrenal 


Normal 

Scorbutic 

Normal 

Scorbutic 



Normal 

Scorbutic 


gm 

gm 

mg 

mg 

mg 

mg 

y 

y 

i 

308 

286 

132 6 

153 2 

43 

54 

233 

515 

2 

250 

220 

Lost 

106 8 


49 


731 

3 

270 

252 

111 6 

115 8 

41 

46 

202 

604 

4 

260 

220 

137 6 

186 8 

53 

85 

210 

437 

5 

238 

230 

121 4 

161 8 

51 

70 

186 

449 

G 

258 

242 

111 S 

146 2 

43 

60 

238 

510 

7 

238 

215 

123 0 

124 8 

52 

58 

234 

577 

8 

296 

258 

134 4 

216 0 

45 

84 

169 

371 

9 

335 

240 

136 0 

159 0 

41 

66 

220 

478 

10 

227 

189 

82 4 

106 4 

36 

56 

297 

670 

11 

228 

186 

126 6 

139 4 

55 

75 

173 

503 

12 

304 

292 

167 8 

182 6 

55 

62 

120 

447 

13 

2GG 

226 

167 4 

190 0 

63 

84 

137 

418 

14 

297 

265 

143 2 

207 6 

4S 

78 

144 

344 f 

15 

165 

155 

75 4 

118 6 

46 

77 

286 

444 

16 

330 

272 

16S 6 

193 2 

51 

71 

123 

433 

17 

240 

209 

111 2 

155 6 

46 

74 

258 

427 

18 

225 

211 

103 2 

170 2 

46 

81 

135 

335 

Ai ernge 


127 2 

157 4 

48 

68 

198 

483 

Difference of means 


1 

20 1 

285 

Standard error of difference 



3 65 

28 01 

<* 





5 48 

10 17 


• All values of 1 arc highly significant 


Relation of Adrenal Medulla to Glucose Tolerance Test m Normal and 

Scorbutic Guinea Pigs 

Three groups of guinea pigs, each containing three animals, were housed 
m separate cages and fed ad libitum the scorbutic diet with daily oral 
supplements of 5 mg of ascorbic acid Two animals from each group were 
selected The} \v ere fasted overnight and on the 6th day adrenal enuclea- 
tion was performed under ether anesthesia according to the method, 
slightly modified, described by Evans for rats (4) After the operation, 
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the animals w ere allowed to dnnk a 1 per cent solution of sodium chlonde 
On the 22nd day after demedullation, b} which tune the cortex is completely 
regenerated, the ascorbic acid supplement was withdrawn from one of the 
demedullated animals in each group The daily consumption of the diet 
of the animal re celling no ascorbic acid was measured and an equi\ alent 
amount of the diet was guen separate^ to the other two of the group 

5 


•6 



Fig 1 Growth curves of guinea pigs Curve I shows the growth of the scorbutic 
guinea pig with demedullated adrenals, Curve II, the demedullated guinea pig re- 
ceiving vitamin C, Curve HI, the guinea pig with intact adrenals receiving vitamin C 

Thus, m each group, one demedullated animal received the scorbutic diet 
only, while the other demedullated gumea pig and also the animal with 
intact adrenals received an equivalent amount of the scorbutic diet with a 
daily oral supplement of 5 mg of ascorbic acid All the animals were fed 
2 drops of a concentrate of t itamins A and D twice a week during the 
experimental period In the evening of the 49th day of the experiment, 
21 days after the withdrawal of ascorbic acid from one of the demedullated 
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guinea pigs of each group, food was withdrawn from the cages of all the 
animals The glucose tolerance test was performed the next morning 
After a fasting blood specimen had been taken from the heart, each guinea 
pig was fed 0 2 gm of glucose per 100 gm of body weight in a 50 per cent 
solution Blood samples were taken from the heart at intervals of 45 
minutes up to 280 minutes after the administration of glucose The blood 
sugar iv as estimated according to the method of Hagedom and Jensen (5) 



Fig 2 Glucose tolerance curves of guinea pigs Curve I represents the results 
on the scorbutic guinea pig with demedullated adrenals, Curve II, the demedullated 
guinea pig receiving vitamin C, Curve III, the guinea pig with intact adrenals re 
ceiving vitamin C 

Curves for growth and glucose tolerance of one of the groups of guinea pigs 
are shown in Figs 1 and 2 


DISCUSSION 

Both the size and the adrenalin content of the adrenal glands of scorbutic 
guinea pigs were significantly increased when compared with those of the 
pair-fed normal control animals (Table I) In our previous report (1), 
m which the normal control animals received the diet ad libitum., both the 
size and the adrenalin content of the adrenal glands were relatively higher 
Inanition, therefore, slightly affects the above findings The increase in 
the size and the adrenalin content of the adrenals in scurvy is therefore 
mainly due to the effect of vitamin C deficiency In the present investi- 
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gation all the scorbutic animals were led ad libitum tbe scorbutic diet 
for 20 days, when they were sacrificed Unlike the scorbutic animals of 
the previous report (1), which receiv ed the scorbutic diet up to 25 days, the 
animals of the present experiment were in the early stage of scurvy and the 
size and adrenalin content of the adrenal glands were at a retain el} lower 
level It seems, therefore, that the size of the adrenal glands and the 
adrenalin content increase graduallv with the progress of scurv} 

Fig 1 shows that the normal control animals, fed the same amount 
of diet as the animal of the scorbutic group, lose weight similar to the 
scorbutic animals, but the effect is delay ed The loss in weight with the 
progress of scurvy is therefore mainly due to inanition The demedultated 
scorbutic guinea pig ga\e a diabetic type of glucose tolerance cune like 
that obsened m scorbutic guinea pigs (2) The demedultated guinea pig 
and the control with intact adrenals, which receiv ed the same amounts of 
diet consumed by the scorbutic animal in addition to the supplement of 
vitamin C, gave normal glucose tolerance curves This indicates that 
neither adrenalin nor inanition is responsible for the lowered glucose 
tolerance as observed in scurvy The disturbed carbohydrate metabolism 
m scurvy seems more likely to be due to diminished insulin secretion by r the 
pancreas of the scorbutic guinea pigs (3) 

SUMMARY 

1 The effect of scurvy on the adrenalin content of the adrenals of guinea 
pigs was studied by a paired feeding technique 

2 There was significant increase m the size and also m the adrenalin 
content of the adrenals of scorbutic guinea pigs 

3 The glucose tolerance tests were performed on scorbutic guinea pigs 
with demedultated adrenals, on demedultated guinea pigs receiving vitamin 
C, and on guinea pigs with intact adrenals receiving vitamin C 

4 The demedultated scorbutic guinea pigs gave a diabetic type of glu- 
cose tolerance curve, whereas the others showed a normal tolerance to 
glucose 

5 Neither adrenalin nor inanition was responsible for the lowered 
glucose tolerance observ ed in scurvy 

We are indebted to Dr F M Fruter of Hoffmann-La Roche, Inc , for 
the supply of ascorbic acid and 2,6-dichlorophenol indophenol 
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THE COMPONENT FATTY ACIDS OF BUFFALO 
COLOSTRUM FAT 

BiC P ANANTAKRISHN4N, V R BHALE RAO, T M PAUL, 
akd M C RAN'GASWAMY 

(From the Imperial Dairy Research Institute, Bangalore, India) 

(Received for publication, April 10, 1016) 

The fluid secreted immediatel} after parturition differs in chemical 
composition from normal milk in many respects hlanj studies have been 
made of the properties and composition of the colostrum of cows, but \ ery 
httle work has been done on the colostrum of other animals In India, 
the buffalo is an important source of milk and butter fat, which hat e been 
the subject of many investigations Howet er, no information seems to be 
available on the composition of the colostrum or the fat of the milk secreted 
by the animal during the first few days after parturition A study on this 
subject might throw some light on the physiology and the mechanism of 
the fat synthesis and secretion bv the mammary glands of the buffalo 

EXPERIMENTAL 

The fat was separated from the colostrum and milk of four Murrah 
buffaloes maintained at the Institute farm All the animals were milked 
twice a day and the fluid secreted every 24 hours from each animal was 
mixed and the butter fat prepared from this mixture Collection of butter 
fat was continued up to the 15th daj of lactation Representative com- 
posite samples of each daj of lactation were obtained and analyzed for 
the usual chemical characteristics, the results are presented m Table I 
The mixtures obtained on the 1st, 2nd, 3rd, and 10th days of lactation were 
subjected to detailed chemical analysis bj ester fractionation according 
to the method of Hilditch as modified b} Smith and Dastur (1) , a summary 
of the results is presented in Table II 
All the animals at about a month before calving were fed daily 3 pounds 
of a concentrated mixture composed of wheat bran, groundnut cake, 
Bengal gram {Cicer anetmum), and Bengal gram husk, in the ratio of 
40 25 15 20, m addition to 3 pounds of wheat bran For the first 
4 days after calving the animals received 10 pounds of wheat bran and 
1 pound of jaggery (crude cane sugar) Throughout the period the rough- 
age consisted of 70 pounds of mixed green grass 3nd 5 pounds of ragi straw 
From the 5th day of lactation onwards the amount of concentrated mixture 
fed was adjusted according to the milk yield at the rate of 1 pound for 
ever} 2 pounds of milk produced by the animat 
The results in Table I indicate that as lactation advances there is a 
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FATTY ACIDS OF BUFFALO COLOSTRUM 


Table I 


Analytical Characteristics of Fat of Composite Mixtures of Buffalo Colostrum 


Day of 
lactation 

Mp 

Butyromettr 
reading 
at 40 

Sapom 

fication 

value 

Iodine 

value 

Reichert 

value 

Polenskc 

value 

Kinchner 

value 

1 

•C 

39 1 

44 5 

218 7 

38 6 

25 08 

0 90 

20 82 

2 

36 8 

43 6 

219 4 

33 0 

28 71 

1 25 

25 83 

3 

36 5 

43 4 

224 7 

32 2 

30 91 

1 25 

26 92 

4 

36 6 

42 5 

227 2 

26 8 

34 21 

1 35 

30 15 

5 

36 9 

41 8 

228 8 

27 5 

34 87 

1 25 

30 16 

10 

36 4 

41 5 

228 8 

26 3 

34 85 

1 25 

30 12 

15 

36 2 

41 5 

228 7 

26 6 

37 91 

1 20 

31 53 


Table II 

Summary of Component Fatty Acids of Buffalo Colostrum ( Expressed in Mole Per Cent) 


Acids 

Day ot lactation 

1st 

2nd 

3rd 

10th 

Butyric 

mm 

7 4 

8 9 

12 1 

Caproic 


0 2 

0 4 

0 7 

Caprylic 

mmm 

1 9 

1 3 

2 4 


1 5 

1 9 

1 4 

1 5 


1 7 

2 8 

2 3 

1 8 

** y ' ! ijsHj. (ioV. *,’■?? -1 

9 1 

13 7 

12 8 

12 8 

Palmitic 

19 5 

24 0 

25 4 

28 2 

Stearic 

15 9 

13 8 

12 4 

11 5 

Arachidic 

0 9 

0 6 

0 8 

0 7 

Total 

57 6 

66 3 

65 7 

71 7 

Dccenoic 

0 1 

0 1 

0 1 

0 1 

Dodecenoic 

0 1 

0 1 

0 1 

0 1 

Tctradcconoic 

0 4 

0 6 

0 6 

0 6 

He\adcconoic 

5 8 

4 3 

4 7 

4 4 

Oleic 

34 1 

27 0 

27 8 

21 6 

Linoleic 

0 7 

0 2 

0 1 

0 2 

Cjo j unsaturated 

1 2 

1 4 

0 9 

1 3 

Total 

42 4 

33 7 

34 3 

na 

Sum o[ acids up to Ci< 

21 9 

28 7 

27 9 

wm 


marked progressn c change m the chemical composition of the fat secreted 
bj the animals The butyrorefractometer reading and iodine value gradu- 
ally decrease and the Reichert and saponification values of the fat increase 
These obser\ ations were supplemented by the detailed analysis reported 
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m Table II , which indicates definite trends in tbe change m composition 
of the fat secreted bj the buffalo as the period of lactation advances 
There is a regular increase in the proportion of the fatty acids up to palmitic 
acid during the transition from the colostrum of the first days to the mature 
mill of the 10th day of lactation The unsaturated fatty acids up to C» 
are not appreciably affected during the transition period There is a 
marked lowering in the amount o! oleic and steanc acids of the fat from 
the 1st day after calvmg to the 10th day of lactation However, the 
presence of large amounts of oleic acid in the colostral fat maj be due to 
the fact that in the initial stages of lactation, when the general activity 
of the glands is less, the oxidation of the oleoglycendes is slow As lacta- 
tion advanced, the amount of oleic acid gradually decreases, this decrease 
being counterbalanced by an increase in tbe amount of saturated acids, 
mainly butync, mynstac, and palmitic The results of the present investi- 
gation reveal an mv erse relationship between the Cjs acids on the one hand 
and the acids of lower molecular weight on the other, particularly of G<, 
Ci«, and Cis acids Baldwin and Longenecker (2) have reported that 
there is no significant difference in the composition of the fat of colostrum 
and mature milk of cows, but we find that there is a gradual change m 
the composition of the colostrum fat of cows (3) as well as of buffaloes as 
lactation advances The colostrum fat analyzed by them was from one 
cow and had been collected during the first 4 days after parturition, whereas 
we have anal} zed the composite samples of fat collected from four buffaloes 
on each day during the progress of lactation 


SUMUAKT 

1 Samples of colostrum fat were collected from Murrah buffaloes 
during the progress of lactation and were studied for the chemical char- 
acteristics 

2 Fat from the composite mixtures of colostrum of the 1st, 2nd, and 
3rd days and of mature milk of the 10th day of lactation was subjected to 
detailed ester fractionation for the study of fatty acid distribution 

3 The colostrum fat is found to differ in chemical composition from 
that of the normal butter fat of the buffalo 

4 The chief changes to be found were the gradual increase in the amount 
of butync, mynstic, and palmitic acids and a decrease in the amount of 
steanc and oleic acids, the decrease m the latter being more pronounced 
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THE SYNTHESIS OF THE ISOMERS OF CYSTATHIONINE 

AND A STUDY OF THEIR AVAILABILITY IN SULFUR 
METABOLISM 

Br W ILLIA M P ANSLOW, Jb ,* SOFIA SIMMONDS, and VINCENT 
du VIGNEAUD 

(From (he Department of Biochemistry, Cornell University Medical College, 

New York City) 

(Received for publication, August 2, 1946) 

Considerable experimental evidence has accumulated indicating that 
cystathionine is an intermediate in the con\ ersion of methionine to cystine 
(1-5) The following report describes the synthesis of the isomers of 
cystathionine and the testing of then ability to replace the sulfur-contain- 
ing amino acids m the diet of the j oung rat 
The name cystathionine was suggested for the thio ether, S-(2-/J-ammo- 
0-carboxy ethyl)-2-homocysteme (4) Since the present report is concerned 
with the four possible stereoisomers of the molecule, it is convenient to 
provide a stereochemical designation for the compounds Since the isomer 
referred to above is related only to the natural ammo acids and since it is 
dextrorotatory, it seems appropriate to designate it further as 2(+)- 
cystathionme According to this system S- (d-/i-ammo-£-carboxyethyl) - 
d-homocysteme, the optical isomer of f(+)-cystathionine, would be 
designated d(— ) -cystathionine Theremainmgtwoisomersaredmstereoiso- 
mers of the first pair, and the name, alhcystaihionine, is suggested for them 
Each of the all ©cystathionines is related to both the 2- and rf-ammo acid 
senes, but only one of the allocystathionmes can yield 2-cysteme on simple 
cleai age Because biological interest in the compound has centered 
chiefly around its ability to ser\ e as a precursor of cysteine, the cysteine- 
hke moiety of the molecule is suggested as the stereochemical reference 
point Thus, leiorotatory S-(2-/S-amino-T9-carboxy ethyl)-d-homocy steme, 
containing an 2-cysteme moiety', may be designated 2(— )-allocystathionine 
Dextrorotatory S-(d-/S-ammo-)3-carboxyethyl)-2~homocysteine, which simi- 
larly contains a d- cysteine moiety, may be designated d(-f )-allocystathio- 
mne The relationship between the four isomers is shown in the accom- 
panying structures 

* Present address, Department of Physiology, New York University College of 
Medicine, New York 
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COOH 

1 

COOH 

| 

COOH 

1 

COOH 

HjN — C — H 

1 

H — C — NHj 

1 

H— C— NH, 

l 

HjN — C — H 

H— C— H 

1 

H— C— H 
| 

1 

H— C— H 

1 

H— C— H 

H— C— H 

I 

H— C— H 

1 

1 

H— C— H 

i 

1 

H— C— H 

S 

1 

1 

S 

| 

1 

S 

i 

i 

S 

n— c— ii 

1 

H— C— H 
| 

1 

H— C— H 

1 

1 

H— C— H 

H — C — Nil, 

HjN— C — H 

| 

1 

H— C— NHj 

1 

HjN — C — H 

COOH 

l(+)-Cyata- 

thiomno 

COOH 

d{— ) -Cysta- 
thionine 

1 

COOH 

1(— )-Allocysta- 
thiomne 

1 

COOH 

d(+)-Allooysta 

thiomne 


experimental 

acf™ ZtT&S is 0l t “t convertod *° 

precursors of the homoe^temes used m tht , ° m ° CyBtme .. 1S0mers served “ 
isomers Senne was resold > ^ formatlon of tho cystathionine 

and converted to method Escher “ d J “°>» P> 

acid, accordmg to the directions of "' ammo '^ chIoro P ro P 1 onic 

of the respective ^ “2 ““*• ® Condensation 

acid lias carried out in the tn, n ' VS j De aIK ''-amino-d-ctiloropiopiomc 
(2) Separation oflhc c^taZSTnT, 

s; sss;*; 

the flash was removed from tv, , , com pletion of the reduction, 

to evaporate When ammoniftT i 5 bath and tdle amm oma was allowed 
for 1 hour at water pumD nr ° ° ng T lssued > the flask was evacuated 

ox^ondrcevate^ereSd aTdT 7\ fUW Wlth mtro ^ 50 « « 

excess ammoma and refilled ’with n ®, ^ was A evaouat « d a gam to remove 
of the mi\cd isomers of T v t I? “‘T As m the earlier synthesis 
without isolation lomne (10), the homocysteme was used 

hj droll zed bv heating to“ ^^^80° c^TS^ hydrochlorlde were 
clear solution which resulted w™ h 18 ° ? f 20 *** cent HCI The 

evaporated under reduced pressure, 
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redissolved in water, and evaporated again A thick mush of crystals 
resulted, and this was dissoh ed m 25 cc of oxygen-free water 
The flask containing the homocysteine was equipped with a stirrer and 
immersed m a water bath kept at approximately 60° The solution of 
a-ammo-0-chloropropiomc acid hydrochloride was added portionwise 
dunng a period of 2 hours When the reaction mixture became acid to 
phenolphthalein paper, a few pellets of solid KOH were added After 
the last addition of a-amino-jS-chloropropiomc acid, the flask was allowed 
to remain in the water bath from 9 to 10 hours At the end of this time, 
200 cc of oxygen-free water were added to dissolx e the precipitated salt, 
and the pH of the solution was adjusted to pH 6 0 with concentrated HC1 
The flask was filled with nitrogen and allowed to stand m the refrigerator 
overnight 

The resulting precipitate was separated and suspended in 300 cc of 
water 25 cc of concentrated HG1 were added The resultant dark 
colored solution was clarified by filtration through a layer of Darco and 
neutralized to pH 6 0 with concentrated NHiOH The crystalline pre- 
cipitate was filtered and washed with water The dried product weighed 
11 2 gm A sample showed a strong sodium cyanide-nitroprusside test for 
disulfide 

To separate the d( — ) -cystathionine from bomocystine, the above 
product was suspended m 200 cc of water and dissolved by the addition 
of concentrated NHiOH The solution a as filtered, and to the filtrate 
0 5 gm of NaCN was added After 30 minutes the solution was neutralized 
to pH 6 0 with glacial acetic acid, crystallization occurred spontaneously 
The crystals were collected by filtration and the cyanide treatment was 
repeated After the final recrystalhzation, 9 2 gm of product were 
obtained A sample of this product showed a faint cyanide-nitroprusside 
test Analysis of a portion of it for homocystine by the Kassell and 
Brand modification (11) of the Fohn-hlarenzi method (12) showed the 
presence of less than 1 per cent of homocystine A 1 per cent solution of 
the compound inh HC1 possessed a rotation of = —23 5°, which 

compares favorably with the value of [a]“ = +23 7° for l(+)-cystathio- 
rune (2) 

CiHhOjN'jS Calculated N 12 60, S 14 42 

222 3 Found “12 30,“ 14.89 

Dibenzoyl-d-cystalhwmnc — 200 mg of d( — )-cystathionme were suspended 
m 10 cc of water m a 50 cc ground glass-stoppered flask and dissolved by 
the addition of IsaOH The flask was shaken in an ice bath and 0 35 cc 
of benzoyl chloride was added m three portions Each addition was 
followed by vigorous shaking until the odor of benzoyl chloride disap- 
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peared The reaction mixture was kept alkaline to phenolphthalem by 
the addition of more alkali After the last addition of benzoyl chlonde, 
the reaction mixture was allowed to stand at room temperature for 1 hour 
and then was made acid to Congo red paper by the addition of concentrated 
HC1 An oily precipitate separated which soon solidified After the 
flask had been cooled m the refrigerator overnight, the sohd mass was 
separated by filtration and washed with water 

The product was dissolved in 50 cc of 70 per cent alcohol, heated, and 
the hot solution was filtered through a layer of Darco The clear filtrate 
was evaporated in vacuo until crystals appeared After the flask was 
cooled overnight, the crystalline precipitate was filtered, washed with 
5 cc of cold 70 per cent alcohol, and dried at 80° This dibenzoyl-d- 
cystathionme melted 1 at 232-234° The melting point recorded for 
dibenzoyl-J-cystathionine is 229° (2) 

C-iHaOjNsS Calculated N 6 51, S 7 45 
430 5 Found “ 6 74, “ 7 27 

l(—)-Allocystathionine — This isomer was synthesized from 15 3 gm of 
d-homocystine, [a]“ = —79 6°, and 17 9 gm of methyl La- ammo-j9- 
chloropropionate hydrochloride The product obtained from this coupling 
reaction w»as suspended m 300 cc of water and dissolved by the addition 
of concentrated HC1 After clarification by filtering through a layer 
of Darco, the solution was neutralized to pH 6 0 After 24 hours in the 
cold room, the crystalline precipitate was collected The product was 
washed with water and dried at 80° A yield of 12 6 gm was obtained 
This product showed a strong cyamde-mtroprusside test 

The product w'as recrystalhzed three times by precipitation from an 
alkaline cyanide solution, as described above for d(— )-cystathionine 
This treatment yielded 3 gm of product which still show'ed a positive 
cy anide-mtroprusside test, but analysis for homocystme showed the 
presence of less than 1 per cent of homocystme A 1 per cent solution 
of the J(— )-allocystathiomne in 1 n HC1 possessed a rotation of [a]p = 
-25 0° 

CjH„ 0 4 N.S Calculated N 12 60, S 14 42 
222 3 Found “ 12 03, “ 14 68 

Dibcnzoyl-l-allocyslaOnomnc — This derivative was prepared from 200 
mg of l (— )-allocystatluonine by the procedure described for dibenzoyl- 
d-cystathiomne The recrystalhzed product melted at 186-187° 

CiiH-.0«N*S Calculated N 6 61, S 7 45 
430 5 Found “ 6 55, “ 7 6S 

1 All melting points arc corrected capillar,} melting points 
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d(+)-AUocyslathiomne — This jsomer was synthesized from 15 3 gm 
of Z-homocystme, [a]? = +74 0°, and 17 9 gm of methyl d-a-nmmo-p- 
chloropropionate hydrochloride The product was treated as described 
previously and, after three precipitations from alkaline cyanide, 4 gm of 
product were obtained which were shown to contain less than 1 per cent of , 
homocystme by analysis A 1 per cent solution of the d(+)-a!locysta- 
thiomne mU HC1 possessed a rotation of [a]? = +24 5° 

CjHmOiXjS Calculated N 12 60, S 14 42 

222 3 Found " 12.2S, “ 14 39 

Dibenzoyl-d-aUocyslathumine — This derivative was prepared from 200 
mg of d(+)-allocystatbionine according to the procedure described for 
dibenzoyl-d-cystathiomne After two recrystalhzations from 70 per cent 
alcohol, the product melted at 189° 

CttHeChhhS Calculated N 6.51, S 7 45 

430 5 Found “ 6 46, '* 7.57 

Feeding Experiments 

For the study of the availability of the isomers of cystathionine for 
the replacement of cystine in the diet of the growing white rat, the diet 
was the same as that used with I(+)-cystathionme (2) Supplementation 
of this diet with either cystine or J(+)-cystathiomne had been shown to 
permit growth (2) The protein nitrogen of the diet was supplied by a 
mixture of pure ammo acids patterned after the ammo acid mixture of 
Rose and Rice (13) The diet had the following composition, ammo acid 
mixture (exclusn e of the sulfur-contammg ammo acids) 21 3, sucrose 
44 7, Cnsco 30 0 (including fat-soluble vitamin supplement), and salt 
mixture (Osborne and Mendel (14)) 4 0 parts, respectively 
The sulfur-contammg ammo acids were added to the ammo acid mixture 
and an equal weight of sucrose was omitted from the diet The fat- 
soluble vitamins were furnished in a com oil solution, 4 cc of which were 
added to the fat component of 1 kilo of diet The source and quantities 
of these vitamins have been described previously' (15) 0 5 cc of a solution 

containing the water-soluble vit amins was fed twice daily 1 cc of t his 
solution contained 20 y of thiamine chloride, 20 7 of riboflavin, 20 y of 
nicotinic acid, 20 y of pyndoxme hydrochloride, 200 y of calcium dl- 
pantothenate, 5 mg of inositol, and 25 mg of choline chloride The 
diets and water were allowed ad librium, and the animals were weighed 
e\ery 4 days 

For the basal diet m the experiments recorded in Table I and Fig 1 
methionine was added to form 0 2 per cent of the diet This amount of 
methionine was such that growth was not permitted on the basal diet, but 



40 


ISOMERS OP CYSTATHIONINE 


when sufficient cystine was added growth would result The cystathionine 
isomers and cystine were added to the basal diet in amounts indicated in 
Table I The growth curves for the animals used in these experiments 
are shown in Fig 1 The daily food consumption is given m Table I 

Table I 


Food Consumption of Rats Fed Cystathionines in Place of Cystine 


Rut No and sex 

Supplement to basal diet 

Experimental 

period 

Average diUy 
food con 
sumption 



days 


1435 9 

None 

10 

2 7 


0 74% Z(— )-allocystathiomne 

20 

6 6 


None 

7 

4 3 

1436 9 

H 


3 1 


0 74% l (— )-allocystathionme 

20 

5 8 


0 74% d(-f )-allocystathiomne 

7 

4 0 

1440 9 

None 


2 9 


0 74% d(+)-allocystathionme 

20 

2 9 


None 

2 

* 

1444 <? 

<< 

10 

3 3 


0 74% d(+) allocystnthionme 

20 

6 1 


None 


4 9 

1437 d” 

<1 

■ 3 

4 2 


0 74% d(— ) -cystathionine 

■ 

4 7 


None 


4 9 

•1442 c? 

it 

SIEiiS 

3 4 


0 74% d(— ) -cystathionine 

20 

4 2 


None 

7 

5 4 

1439 o’ 

it 


3 8 


0 74% f(+) -cystathionine 

20 

0 1 


0 74% d(— )-cystathiomne 

7 

5 0 

1441 9 

None 


2 8 


0 4% J-cystine 

20 

4 0 


None 

7 

5 3 

1443 9 

<< 


3 7 


0 4% f-cyetine 


5 6 


None 


6 1 

1438 o’ 

it 


4 7 


* The animal died 2 days after being placed on the basal diet The food consump 
tion was negligible 


The curves in Fig 1 show that the addition of 0 4 per cent of cystine to 
the basal diet made it adequate for growth In agreement with the results of 
earlier experiments, substitution of an equivalent quantity (0 74 per cent) 
of /(+ ) -cystathionine permitted growth approximately equal to that 
obtained with a cystine supplement Of the other stereoisomers of 
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cystathionine, only one supported growth in place of cystine A supple- 
ment of 0 74 per cent of Z(-)-allocystathioiime ga\e growth at a rate 



Fio 1 Growth curves for rata fed cystathionines in place of cystine The number 
and sex of the animals (Utter mates) are indicated at the extreme left, the initial and 
final weights are in parentheses , a dagger indicates that the animal died The dietary 
supplement is noted along the curves, the arrows indicate the times at which the diet 
was changed The basal diet contains 02 per cent methionine 

comparable to that of an equivalent amount of cystme or 2(-f Cystathio- 
nine The parallel growth curves of Eats 1435, 1436, and 1441 suggest 
that l { — )-allocystathiomne can support growth as well as an equivalent 
quantity of cystine Supplementation of the basal diet with either 
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d ( — ) -cystathionine or d (+ ) -all ocystathionme resulted m no better growth 
than that of the control animal 


Table II 

Food Consumption of Ra's Fed l(-) -Allocystathiomne m Place of Methionine 


Rat No 
and sex* 

Supplement to basal dietf 

Experimental 

period 

Average daily 
food con 
sumption 

Remark on 

1 feeding! 




tm 


1508 cf 

Choline 


3 0 



0 46% dZ-homocystine + choline 


6 7 



Choline 


4 2 


2007 9 

tt 


3 3 

Restncted 


0 40% dl homocystme + choline 

15 ! 

4 9 

1510 9 

Cholme 

■w! 

2 6 



0 74% l (— )-allocystathionine + 


4 9 



choline 

0 46% dZ-homocystine + cholme 


6 8 


2608 9 

Choline 

4 

2 3 



0 74% 2(— )-allocystnthionine + 

15 

4 2 



cholme 




2009 & 

Choline 

4 

2 8 



0 74% Z (— ) -allocystathiomne -f 

15 

4 5 



cholme 




1511 9 

None 

5 

3 2 



0 74% Z(— ) -allocystathiomne 

14 

3 4 


2011 9 

Cholme 

4 

3 0 



0 74% Z(— ) allocj stathionme 


4 4 



0 74% “ 

5 

0 8 


2010 o' 

Choline 

4 

2 5 



0 74% /(— ) -allocystathiomne 


4 6 



0 74% “ 


0 8 


2600 9 

Choline 


2 8 

Restricted 


0 46% dl homocystme 

10 

4 6 


0 46% 

5 

2 1 


2005 9 

Cholme 

19 

3 0 




•Rats 150S to 1511 inclusive were purchased from the Rockland Farms, Rats 


2005 to 2011 inclusive were litter mates from our colony 

f Data in this column note the presence or absence of 25 mg of choline clilori c 
(per daj) in the vitamin supplement 

t Unless otherwise noted, feeding w r ns ad libitum 

Cleavage of ((— )-allocystathiorune to (-cysteine would offer a simple 
explanation of its ability to support growth in place of cystine However, 
subsequent studies jn vitro showed that the cleavage of I(— )-allocysta- 
thionine bj liver tissue presumably yielded d-homocysteine 2 Since 

* Anslow , W P , Jr , and du Vigneaud, V , unpublished data 
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Fig 2 Growth curves for rats fed Z(— ) allocystathionuie in place of methionine 
The number and sex of the animals are indicated at the extreme left, the initial and 
final weights are in parentheses The dietary supplement is noted along the curves, 
the arrows indicate the times at which the diet was changed The basal diet contains 
0 4 per cent cystine 

d-homocystine can support growth in place of cystine (16), cleat age to 
homocysteine is the more probable explanation of the ability of l (~ )- 
allocystathionine to support growth If 1 ( — ) -all ocyst athi onine is cleaved 
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to d-homocysteme m the intact animal, then Z ( — )-allocystathionme 
supplemented with adequate dietary choline might be expected to support 
growth m place of methionine 

To test the latter hypothesis, a series of rats was placed on a basal diet 
containing 0 4 per cent cystine but no methionine, a diet used to test the 
same hypothesis m the case of Z(-f-)-cystathiomne (2), under which condi- 
tions Z(+)-cystathionme did not support growth The diet had the same 
composition as the one used above except with respect to the sulfur- 
containmg ammo acids dZ-Homocystine or Z(— )-allocystathionme was 
added to this diet in the amounts indicated in Table II Growth curves 
for this series of animals are shown ip Fig 2 

Supplementation of the basal diet with cZZ-homocystine made the diet 
adequate for growth Supplementation with an equivalent quantity of 
Z(— )-allocystathiomne likewise brought about growth, but not to so great 
an extent as did the cZZ-homocystme supplement Data in Table II show 
that the food consumption of animals fed the Z( — )-allocystathionme 
ranges from 4 4 to 4 9 gm per day, whereas the food consumption of 
animals fed homocystine w as approximately 6 7 gm per day When the 
intake of Rat 2607 (receiving the homocystme supplement) was restricted 
to 4 9 gm per day, the rate of growth of this animal was comparable to 
that of the animal fed Z(—)-allocystathiomne 

When the choline was removed from the vitamin supplement, Rats 
1511, 2611, and 2606 grew for a short time However, all the rats began 
to lose weight precipitously from the 7th to the 10th day of the choline-free 
diet Palpation indicated enlarged kidneys in Rat 2610 on the 12th day, 
m Rat 2611 on the 16th day, and in Rat 2606 on the 18th day At autopsy 
gross examination of these three animals showed large mottled kidneys in 
Rat 2606, and marked enlargement and hyperemia m Rats 2610 and 2611 
Enlarged kidneys were not felt in Rat 1511 and growth was resumed w'hen 
choline was again included m the vitamin supplement 

SUMMARY 

The three previously uncharactenzed isomers of cystathionine have 
been synthesized and characterized A stereochemical nomenclature for 
these compounds is suggested 

On a cy r stine-frce, methionine-restricted diet, Z(— )-allocystathiomne is 
able to support growth m the young rat, behaving in this respect like 
Z(+)-cystathiomne However, on a diet adequate with respect to cystine 
but deficient in methionine, Z(— )-allocystathionme supports grow'th m the 
young rat when fed together with choline, m contrast to the behavior of 
Z(+)-cystathionme under these conditions 
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d(— )-Cystathionine and d(+)-allocystattuonine do not support growth 
on a cystme-free, methiomne-restncted diet 

The authois wish to acknowledge their appreciation to Dr Julian R 
Rachele and Mr Roscoe C Funk, Jr , for the microanalyses reported in 
this paper 
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A FURTHER INVESTIGATION OF THE ABILITY OF SARCO- 
SINE TO SERVE AS A LABILE METHYL DONOR* 

By VINCENT uu VIGNEAUD, SOFIA SIMMONDS, akd MILD RED CORN 

(From the Department o f Biochemistry, Cornell University Medical College, 

New York City) 

(Received for publication, August 3, 1946) 

It is the purpose of the present paper to report a study of transmethjla- 
tion with isotopic sarcosme The sarcosme used m these experiments was 
labeled with deuterium in the methyl group and also with N 15 The com- 
pound was fed to four adult rats for 7 days as a supplement to an otherwise 
methyl-free diet containing homocystme At the end of this time, the rats 
were sacrificed and choline, creatine, glycine, and glutamic acid were iso- 
lated from the tissues of each rat In order to determine the relative 
efficacy of sarcosme as a methyl donor, a parallel experiment under identical 
conditions was earned out with isotopic choline In the latter compound, 
only the methyl groups were labeled The data from these experiments 
are summanzed m Table I 

As shown in Table I, sarcosme was not an effective methyl donor for the 
synthesis of choline and creatine, although a small fraction of the methyl 
groups of these tissue constituents was derived from the dietary sarcosme 
About 1 to 2 per cent of the methyl groups of choline and about 0 5 per cent 
of the methyl group of creatine were derived from the sarcosme m 7 days 
When an amount of methyl groups equivalent to that supplied as isotopic 
sarcosme was fed in the form of deutenocholine, approximately 22 per cent 
of the tissue choline-methyl and approximately 2 per cent of the creatine- 
methyl groups were derived from the diet 

In order to eliminate variations due to differences in body weight of the 
rats and differences in amounts of test compound ingested, the data may 
be recalculated on the basis of ms of test compound ingested per 100 gm 
of body weight When the data are recalculated in this maimer (Table II), 
the creatine N 1S values resulting from the feeding of isotopic sarcosme ap- 
pear to exhibit a random fluctuation within ±10 per cent On the other 
hand, the variation of deutenomethyl concentration m the creatine is of a 
different order of magnitude, approximately 70 per cent more methyl 
groups of creatine have been derived from dietary sarcosme m the female 
rats than in the male rats A similar recalculation of the data from the 
feeding of choline (Table II) shows no significant difference between the 

* The authors wish to thank the Nutrition Foundation, Inc , {or the research grant 
which has aided thm work 
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N u of earcoaine moiety of creatine calculated on basis of N u distribution data of Bloch and Schoenheimer (1) 
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mnlp and the female rat The sarcosme results with respect to sex differ- 
ence will bear further experimental investigation 
A comparison of the percentage of methyl groups’ and nitrogen in the 
isolated choline denied from the fed sarcosme shows that the sarcosme 
molecule is not com erted to choline as a whole Of even greater interest is 
a similar companson in the isolated creatine which reveals that the sarcosme 
molecule is not converted intact to creatine but first is demethylated to 
yield glycine This is m agreement with the expenmen tal findings of Bloch 
and Schoenheimer (1, 2) and of Borsooh and Dubnoff (3) 


Table II 

Data from Tablel Recotculolfd on Boats of mlf of Test Compound Ingested Per lOOGm 

of Body Weight 



rroc 

Per cent of methyl or N in isolated compounds derlred from test compounds 

RitNo 
and sex 

test compound 
ingested in 

7 days per 

ICO gm. body 
weight 

Goline 

Sarcosine moiety 
of creatine 

Glycine 

Glutamic 

add 


Total 

methyl 

Nitrogen 1 

Mtthjl j 

Nitrogen 

Nitrogen 

Nitrogen 


N’* deutenosarcosine hydrochlonde 


ISi 

2 29 

0 485 

0 606 

0 127 

1 08 

| 0 846 


MWm 

2 56 

0 543 

0 690 

0 168 

0 97 

0 953 


mmm 

2 56 

0 570 

0 597 

0 246 

1 17 

1 04 

0 207 

1757 9 | 

| 3 14 

0 6SS 

0 611 

0 261 

1 08 

0 918 

0 207 

Deutenocholine chlonde 

1751 

2 45* 

8 70 


0 845 




1756 9 

2 93* 

7 71 


0 724 





* This figure represents the number of nulheqmvalente of methyl groups rather 
than of choline 


"With the data available from the present study with sarcosme, it is now 
possible to compare the three N-methylglycine denvatives, sarcosme, 
dimethylglycme, and betaine, as methyl donors Although a direct com- 
panson among these compounds cannot be made because the sarcosme was 
fed to adult rats, whereas the dimethylglycme and betaine were fed to grow- 
ing rats (4) , the relatu e activity of each compound can be evaluated never- 
theless by companson with choline fed under the same conditions Such a 

1 The figureB in Tables I and II represent the percentage of three methyl groups 
of choline derived from sarcdsine If one considered only one methyl group of choline 
which would be necessary for a direct conversion of sarcosme to choline, the value 
would be three times as high 



























50 


TRANSMETHYLATION OF SARCOSINB 


comparison shows that betaine (4) is by far the most active of the three 
glycine derivatives Dimethylglycine (4) and sarcosme are both relatnely 
inactive This is in agreement with the fact that betaine is the only one 
which can replace choline m the growth tests (5, 6) 

EXPERIMENTAL 

Synthesis of N li Deulenosarcosine Hydrochloride ( CD 3 N lh HCHiC00H 
HCl ) — Isotopic sai cosine hydrochloride was prepared from N 16 glycine (4) 
and deutenomethyl iodide (7) by the method of Fischer and Bergmann (8) 

Analysis — 

N 1C deuteriosarcosme hydrochloride Calculated 1 N 10 92 

Found " 10 53 

The compound contained 82 9 atom per cent excess deutenum in the methyl 
group and 4 17 atom per cent excess N 15 

Feeding of A 16 Deulenosarcosine — Four adult rats, two males and two 
females, ranging m -weight from 280 to 360 gm , were used The isotopic 
sarcosme hydrochloride, with sufficient NaHC0 3 to neutralize it, was incor- 
porated in a diet containing 1 25 per cent homocystine (4) and was the only 
possible source of labile methyl groups in the diet For the first 4 days of 
the feeding period, 2 2 gm of isotopic sarcosme hydrochloride were added 
per 100 gm of diet Since the daily food intake was somewhat lower than 
expected, it w r as necessary to give additional isotopic sarcosme hydrochlo 
nde, neutralized with NaHCOj, in the aqueous solution of B vitamins (4) 
in order to maintain the total intake of sarcosme hydrochloride at approxi- 
mately 150 mg per rat daily 

To avoid giving the sarcosme in both the diet and the B vitamin 
supplement, during the last 3 days of the experiment 3 2 gm of the isotopic 
sarcosme hydrochloride w r ere added per 100 gm of diet During the entire 
7 day' feeding period, each rat ingested a total of approximately 1 03 gm of 
test compound, which corresponds to a daily intake of sarcosme equivalent 
m methyl groups to 58 mg of choline chloride 

At the end of the 7 day experimental feedmg period, cholme was isolated 
ns the cliloroplntinate and creatinine as creatinine potassium picrate from 
the tissues of the sacrificed animals (7) , for the N 16 analyses, picric acid w as 
rcmo\ ed from creatinine potassium picrate (4) Glycine and glutamic acid 
also were isolated from the tissue proteins Glycine was isolated ns the 
tnoxalatochromiate, w’hich was converted, for the purpose of analyses, to 
carbobenzoxygly cme (4, 9) Glutamic acid w r as isolated as glutamic acid 
by drochlonde (4, 10) The pertinent data from this experiment are sum- 
marized m Table I 

1 All calculated values arc based on increased molecular weights duo to deutenum 
in the molecule 
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Analyses — Choline chloroplatmate 

Rat 1752 Calculated, 1 Pt 31 7, found, Pt 31 4 


“ 1753 

“ >• 3i 7> « 

31 5 

“ 1755 

*■ ** 31 6, “ 

31 7 

“ 1757 

•• “ 31 6, " 

31 2 

Carbobenzovs glycine 

Rat 1752 

Calculated, N 6 70, found, Is 

6 41 

** 1753 

« .. 6 70i .. 

6 5S 

“ 1755 

*• •• 6 70, " 

6 62 

'* 1757 

" 6 70> .. 

6 5S 

Glutamic acid hj drochlonde 

Rat 1752 Calculated, N 7 63, found, N 

7 41 

“ 1753 

“ „ - 63) .« 

7 64 

•• 1755 

“ “ 7 63, *• 

7 46 

" 1757 

" 7 63, * " 

7 67 


Feeding of Deutenochohne Chlonde ([CDf)\N (Cl)CHtCHiOH ) — Two 
adult rats, one male and one female weighing 355 and 296 gm respectrs elj , 
were maintain ed on the same homocystme diet (4) as used m the preceding 
experiment 29 mg of deutenochohne chlonde (7) m the aqueous solution 
of B vitamins (4) were fed twice daily to each rat The deutenochohne 
chlonde (7) contained 83 1 atom per cent excess deutenum m the methyl 
groups After 7 days, the rats were sacrificed and tissue choline and crea- 
tine were isolated (7) The data from this experiment are summanzed in 
Table I 

Analyses — Choline chloroplatinate 

Rat 1754 Calculated, 1 Pt 31 5, found, Pt 31 2 
" 1756 “ " 31 5, “ “ 31 7 

SUMMARY 

The ability of sarcosme to sene as a methyl donor for creatine and cho- 
line has been investigated by feeding adult rats N 1S deutenosarcosine 
(CD 3 N 15 HCH;COOH) Transmethylation from dietary sarcosme to 
tissue choline and creatine was observed, but the apparent rate of these 
reactions was slow, as compared to the rate at which methyl groups of die- 
tary deutenochohne appear m the choline and creatine of the tissues 

The authors wish to thank Dr D Rittenberg and Mr I Sucher of the 
Department of Biochemistry, College of Physicians and Surgeons, Columbia 
University, for the N 15 analyses, and Mr R C Funk, Jr , for the elementary 
analyses reported m this paper 
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THE DISTRIBUTION OE NIACINAMIDE AND NIACIN 
IN NATURAL MATERIALS* 

Biff A KREHL, J DE LA HUERGA, C A ELVEHJEM, asd E B HART 

(From Ihr Department 0/ Biochemistry, College of A gn culture, Unttcmiy o/ffwcmnn, 

Maditem ) • 

{Received for publication, July 26, 1346) 

Recognition of the importance of niacin in the pretention and cure of 
pellagra and the development of microbiological assays for this vitamin 
(1, 2) stimulated extensn e studies on its distribution m foods and feeds 
(3-5) 

There is, however, very little information concerning the distribution of 
nicotinamide in natural materials, although it is stated that “free nicotinic 
acid apparently does not occur in the living organism but is found in the 
unne of animals” (6) The significance of nicotinamide in natural materials 
is further indicated by the fact that it is contained in coenzymes I and II 
Although niacin and niacinamide show no difference in antipellagra activity, 
high levels of the two compounds do show different physiological effects, 
namely, the flushing effect of niacin 

The development of a differential assay for macm and niacinamide (7) 
has made it possible to study the distribution of these two compounds in a 
variety of natural materials, and a report of this study follows 

E X- V* E KT. ATi 

Although it has been clearly shown that the test organism Leuconosloc 
mesenteroides (American Type Culture Collection No 9136) responds to 
nicotinic acid but not to nicotinamide at low concentrations, it was con- 
sidered desirable to reexamine the conditions under which nicotinamide is 
hydrolyzed to nicotinic acid and thus made available to the organism 

The method of assay as reported by Johnson (7) was followed in detail, 
except that the basal medium was modified as follows glucose was reduced 
from 0 3 to 0.2 gm per tube, pyndoxal was increased from 0 5 to 1 0 y per 
tube, and uracil was added at a level of 0 1 mg per tube Very good 
standard curves were obtained with this method and a representative one is 
shown in Fig 1 

To determine the best method for sample preparation and the hydrolysis 

* Published with the approval of the Director of the {71300115111 Agricultural Ex- 
periment Station We are indebted to Dr B C Johnson, University of Illin ois, for 
the culture of Leuconoetoc meeentermdes and to the Pyndium Corporation, Yonkers, 
New York, for financial support 
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of nicotinamide to nicotinic acid, various reagents were used at an autoclav 
mg temperature of 121° for a period of 1 hour The results of these expen 



Fig 1 Standard curve with Leuconostoc mesenteroides 
Table I 


Hydrolysis of Niacinamide 


Method of hydrolysis* 

Recovery off 

50 y niacin 

50 1 niacinamide 


per cent 

per cent 

HjO 

0 6 n HjSOi (Bn(OH)j-neutral- 

100 

0 

lzed) 

1 0 n H,SO< (Ba (OH) .-neutral 


71 

lzed) 


77 

1 0 n HjSOi (NaOH-neutralized) 


83 

0 C 11 HC1 (NaOH-neutralized) 

100 

95-100 

1 Q U << tt it 

100 

100 

0 1 “ NftOH (IICl “ ) 

100 

100 

0 25 h NnOH (HCl-neutrahzed) 

100 

100 

0 5 “ “ “ “ 

100 

100 


* All hjdroljsis experiments were conducted by autoclaving at 121° for 1 hour 
t Rccoxerj studies made with Leuconostoc mesenteroides (American Type Cul 
ture Collection No 9135) 


ments are compiled in Table I and show that H ; SO* hydrolysis, followed by 
removal of the sulfate ion with Ba(OH) 2 , or its neutralization with NftOH, 
resulted in low recoienes of nicotinamide (The nicotinamide concentra- 
tions used for the recovery experiments were checked agamst the standard 
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niacin assaj with Lactobacillus arabinosus (2) ) The use of HC1 or NaOH, 
however, pro\ ed very satisfactory for the complete hydrolysis of niacina- 
mide and recoi ery of the niacm formed These results are somewhat in 
\ anance with the previously reported work (7) m which it was stated that 
HC1 could not be used for the hydrolysis, since the NaCl formed on neutral- 
ization with NaOH inhibited the growth of the bacteria We have found 
no growth inhib ition from concentrations of NaCl up to and including 2 per 
cent This lev el of NaCl exceeds the concentration which would be found 
m any of the 1 s HCl-treated samples reported in tins stud} The reason 
for this difference might reside in the thoroughness with which the HC1 
was removed from the acid-h} drolyzed casein used in the basal medium 
Inasmuch as excellent recoveries of niacm were obtained with 1 N HC1 
h}drolysis of nicotinamide and since this reagent is much more convenient 
to use than HjSOi, it has been employed for the studies which follow 

The samples chosen for analysis (Table EE) were selected largely on the 
basis of their importance as human and animal foods The analysis of rat 
tissues was chosen since the tissues represent readily available and stand- 
ard animal tissues 

A standard method, based on the abov e studies, was adopted for prepar- 
ing the samples for analysis This consisted of autoclaving 1 gm of sample 
for 1 hour at 121° with 50 volumes of either HiO or 1 x HC1 In order to 
check the validity of the Leuconostoc mesenteroides assay, and particularly 
to check the effectiveness of HjO extraction of niacm under these conditions, 
all samples were prepared as above and assayed for niacm with Lactobacillus 
arabinosus, which does not distinguish between niacm and niacinamide 
The nicotinamide content of the sample was found by using the difference 
between the assay value obtained with Leuconostoc mesenteroides before acid 
hydrolysis with 1 N HC1 (t e , H:0-treated samples) and the v alue obtained 
after acid hydrolysis The analytical values obtained with both Laciobaci J- 
lus arabinosus and Leuconostoc mesenteroides, together with the per cent 
of apparent nicotinamide, are given m Table II 

The validity of the Leuconostoc mesenteroides assay for total niacm ac- 
tivity is clearly indicated by the remarkable agreement with the values 
obtained with Lactobacillus arabinosus with 1 n HC1 for hydrolysis The 
efficacy of H : 0 extraction of the various materials is evident in all samples 
except perhaps for wheat bran, wheat middlings, and white potatoes The 
differences m these cases are probably not due to inadequate extraction but 
rather to incomplete hydrolysis of a precursor of nicotinic acid which has 
been demonstrated m these products (8) Incidentally, it is also clear that 
this precursor, in addition to nicotinamide, is unavailable to Leuconostoc 
mesenteroides, since the water-treated samples indicated above show a 
lower value with this organism than with Lactobacillus arabinosus Hy- 
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drolysis of these particular samples with 1 N HCI allows full and comparable 
activity for both organisms 


Table II 

Distribution of Niacin and Niacinamide m Natural Materials 


Material analyzed* 

Lactobacillus orahnostis 
Total niacin 

Lcueonostoc 

mcsenlerotdes 

Niacin 

amide 

(totalt 

minus 

free) 

Per cent 
niacin 
amide 
o( totat 
niadn 

HiO 

extract 

i 

1 n HCI 
extract 

Total 

niacin, 

i nhc!i 

extract 

Free 

niecin, 

HiO 

extract 


7 P‘ T m 

' *r per gm 

r per tn 

7 PC' 

gm 

7 per 

gm 


Hard wheat 

1 45 5 

1 46 5 

49 7 

34 

7 

15 

0 

30 0 

Soft 

42 8 

48 5 

52 0 

37 

2 

14 

8 

28 5 

Wheat bran 

202 

246 

245 

197 


48 

0 

19 6 

“ middlings 

138 

172 

179 

111 


68 

0 

3S0 

“ germ 

41 5 

41 5 

43 5 

22 

8 

20 

7 

47 5 

White corn 

22 7 

25 7 

25 5 

20 

2 

5 

3 

20 S 

Yellow “ 

22 2 

22 8 

27 1 

25 

0 

2 

1 

7 8 

Corn bran 

55 0 

55 8 

57 0 

27 

5 

29 

5 

51 8 

“ gluten 

71 5 

79 0 

89 3 

70 

7 

18 

6 

20 8 

Barley 

59 2 

65 7 

68 3 

43 

0 

25 

3 

37 0 

Oats 

G 4 

6 8 

7 4 

6 

5 

0 

9 

12 2 

Rje 

11 2 

10 8 

10 7 

8 

5 

2 

2 

20 5 

Polished rice 

15 0 

18 2 

20 9 

17 

2 

3 

7 

17 7 

White potatoes 

27 8 

54 1 

51 1 

14 

9 

36 

2 

70 8 

Soy bean oil meal 

19 9 

20 6 

25 3 

12 

6 

12 

7 

50 1 

Linseed " “ 

44 5 

51 6 

59 1 

29 

0 


1 

51 0 

Cow peas 

19 1 

21 6 

26 5 

15 

9 

10 

6 

40 0 

Split pens 

34 5 

32 6 

35 8 

19 

5 

16 

3 

45 5 

Alfalfa (ground whole) 

25 3 

29 6 

29 6 

24 

3 

5 

3 

17 9 

Potato leaf 



140 

62 


78 


65 7 

Dog food (dry type) 

60 5 

65 8 

73 1 

41 

8 

31 

3 

42 8 

Skim milk powder 

7 8 

8 2 

8 2 

<1 


8 

1 

99 0 

Rat livert 

160 

162 

154 

6 


148 


90 0 

“ muaclcj 

71 

73 

78 

5 


73 


93 5 

“ hidneyt 

82 

86 | 

87 

8 


79 


91 0 


* All samples were autoclaved at 121° for 1 hour with 50 volumes of tho respective 
reagent 

f Docs not differentiate between free nicotinamide and bound mcotinnmido (co 
enzjmo I or II) or a precursor of nicotinic acid which is unavailable to the organism 
until after acid hj drolysis 

t Analjscs presented on fresh weight basis All other analyses are on tbo dry 
weight basis 

The most striking results (Table II) are the differences observed between 
the nicotinamide content of animal and plant products The activity in 
animal products is due almost entirely to nicotinamide, whereas m plant 
products there is considerable variation in nicotinamide concentration, 













57 


KREHL, DE LA. HUEKGA, ELVEHJEM, AND HART 

although m most plant matenals the major amount of activity appears as 
macm 

DISCUSSION 

It should not be concluded that the nicotinamide as measured with 
Lcuconosloc mcscntcroides is all "free amide,” since this method does not 
distinguish between the free amide and that bound as coenzyme It is 
interesting to note that the potato leaf and wheat germ, both sites of great 
or potentially great metabolic activity , contain the largest amount of nico- 
tinamide This probably is mdicatn e of the importance of the r61e of 
coenzymes I and II in the actti e metabolic processes The apparently high 
nicotinamide content of white potatoes is probably due to the high percent- 
age of nicotinic acid precursor m this product (8) rather than to nicotin- 
amide, this is also true of wheat bran and wheat middlings 
It is interesting to speculate that the large amount of niacinamide in 
animal tissues indicates this compound, as opposed to niacin, as a prerequi- 
site for coenzymes I and II needed m respiration, whereas the respiration 
process in plant tissues and seeds utilizes macm either for a reservoir to be 
corn erted to the amide as the respiration process is stimulated or for some 
other as y et undetermined metabolic function It is interesting to consider 
the fact that the part of the plant having the least actne metabolism, 
namely the bran or hull of the seed, has the greatest concentration of macm, 
whereas the germ, the seat of potentially great metabolic activity , has the 
largest percentage concentration of nicotinamide 

SUMMARY 

The conditions for hydrolyzing nicotinamide to nicotinic acid and its 
measurement by Lcuconosloc mescnlermdes ha\ e been e\ alunted The use 
of 1 n HC1 foT hy drolysis proi ed to be most satisfactory 
Selected samples of plant and animal matenals w ere analy zed for nico- 
tinamide by' the use of the differential assay with Lcuconosloc mcsentcroides 
and it was found that animal tissues contain nearly all of the total niacin 
acti\ lty as niacinamide, while plant tissues contain much less and a more 
s arable amount of the total activity as niacinamide 
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AN ELECTROPHORETIC STUDY OF THE SALT FRACTIONATION 
OF YEAST EXTRACTS* 
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(Received lor publication, Ms) 8, 4948} 

The present experiments Mere undertaken after completion of the elec- 
trophoretic analysis of crude maceration extracts from dried top and 
bottom yeasts, nhich formed the subject of an earlier publication (1) It 
was found that extracts of this type, commonly designated as Lebedev 
juice, contain a number of electrochemically different colloidal components 
Upon charting the “molecular spectrum” with the aid of the Tiselius elec- 
trophoresis apparatus, marked quantitative differences Mere found to 
exist m the diagrams obtained with the extracts from various y east types 
Furthermore, the electrophoretic patterns of undialyzed maceration ex- 
tracts appear to be more complex than those of the dialyzed solutions 
Yeast maceration extracts are known to contain a large number of sub- 
stances, both of protem and non-protein character Thus, in addition to 
the complete enzyme system of alcoholic fermentation ( zymase complex), 
hydrolytic enzymes, dehydrogenases, flav oproteins, and hemoproteins (cf 
(2)), as well as “inert” soluble proteins and polysaccharide (yeast gum), 
have been demonstrated in such preparations Perhaps the most widely 
employed technique for isolating biologically afctive proteins from such 
sources as yeast or tissue extracts is the fractional salting-out method in 
which are utilized the differences m solubility of individual proteins m solu- 
tions of ammonium sulfate and other neutral salts of varying degrees of 
saturation Frequently the salhng-out method is combined Math iso- 
electric precipitation procedures or with a fractionation inv olvmg the use 
of water-miscible organic solvents, especially alcohol and acetone Al- 
though ultracentnfugal and electrophoretic techniques of separating bi- 
ological colloid mixtures possess, as a rule, a higher degree of specificity 
and resolving power than chemical fractionation methods, the latter still 
remain the only ones practical on a larger scale owing to the limi ted capacity 
of the physical tools mentioned above Their chief application at the 

* The experimental part of this work was completed at the Over]} Biochemical 
Research Foundation in 1944 It formed part of a research project conducted under 
the auspices of the Food Distribution Administration, United States Department of 
Agriculture 
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present time consists m their use m controlling the results of chemical 
fractionation procedures For this reason it was thought of interest to 
follow the ammonium sulfate fractionation of bottom yeast maceration 
extracts by electrophoretic analysis of the system at various stages of the 
process This affords a correlation of chemical and electrochemical data 
of a type which has been found useful m the field of serum and tissue 
proteins (cf (3)) 


EXPERIMENTAL 

Materials and Preparation of Yeast Extracts — 10 pound batches of washed 
and pressed brew ers’ bottom yeast were obtained through the courtesy of 
the Krueger Brewing Company of Newark, New Jersey The yeast was 
driven through a coarse sieve and then dned in layers of about 1 cm m 
height over a period of several days at 30° It has been established that 
the cell membranes are ruptured by partial autolysis under these conditions 
This explains why aqueous maceration extracts from such dried yeast prepa- 
rations contain the enzyme system of alcoholic fermentation (zymase) in 
soluble and usually active form, in contrast to similar extracts obtained 
from fresh or from more rapidly dried yeast The dried yeast was stored 
at room tempera tui e At the time when the present experiments were 
pci foi med, the dried yeast preparations were 6 to 8 months old Lebedev 
juice is usually prepared from dned yeast by maceration with tap water 
at 37° In the present w r ork, neutral phosphate buffer was substituted for 
the w atcr, m accordance with the recent experiences of other investigators 
(4) who found that the presence of phosphate ions is beneficial for the 
enzymatic and fermentative activity of yeast extracts Furthermore, the 
method of salt fractiona'Tion here adopted was originally earned out on 
such phosphate extracts from yeast (see below r ) 

Ammonium Sulfate Fractionation — The relative paucity of information 
on the fundamental properties of the proteins present in yeast extracts 
made the choice of a specific fractionation procedure somewhat difficult 
It was finally decided to follow the method of ammonium sulfate fractiona- 
tion employed by Green, Herbert, and Subrahmanyan (5) in their attempt 
at isolating yeast carboxylase Ammonium sulfate has previously been 
used as a stabilizing and extracting agent for this enzyme (6) Inasmuch 
as the aim of the present investigation w r ns the electrophoretic analysis of 
the v anous components obtainable from yeast extracts by salt fractionation 
rather tlinn the isolation, m pure form, of a specific constituent, such as 
carboxylase, all fractions were examined m the Tiselius apparatus without 
regard to their enzymatic activity 

Electrophoresis Technique — The technique of electrophoretic analysis of 
the v anous extracts and fractions obtained m this study and the Tiselius 
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apparatus employ ed were the same as m the preceding report (1) Inas- 
much as it was desirable to establish the expenmen tal conditions most 
lihel} to yield reproducible results, all solutions were equilibrated against 
the supernatant buffer by dialysis through cellophane at low temperature, 
e\en though this might cause a loss of enzymatic activity through the 
diffusion of coenzymes and low molecular actn ators The buffer chosen 
for the majonty of the electrophoresis expenments was prepared by mixing 
94 parts of secondary and 6 parts of primary sodium phosphate, the molar- 
itx with regard to total phosphate was 0 05, the ionic strength was approx- 
imately 0 12, and the pH close to 7 3 In order to ascertain that the protein 
solutions had been properly equilibrated against the buffer, the conductivity 
as well as the hydnon concentration of all solutions was determined after 
dialysis The non-dialyzable, presumably protem nitrogen of the solutions 
studied i aned from 2 3 to 0 15 mg per ml It decreased with the progress 
of the fractionation, although the ammonium sulfate precipitates were re- 
dissoh ed for examination in progressn eh' smaller x olumes of soh ent 
The potential gradients employed in the electrophoresis expenments 
ranged from F = 26to36x olts per cm The ground surfaces of the 
electrophoresis cell were lubncated with the x aseline-paraffin oil mixture 
recommended by Tiselius instead of the Celloseal grease employ ed in the 
previous expenments (1) The diagrams were recorded at a photographic 
magnification factor of 1 074 1 and were further enlarged 3 45 times by 
projection for tracing purposes and subsequent planimetry 
The solutions studied m this work were, as a rule, clear, they were either 
colorless or yellow In order to prevent a shading of the plates due to 
the color which tends to be accentuated by the spectral distnbution of the 
light source employed (General Electnc mercury high pressure burner, 
type H-4), Wratten panchromatic plates, or Eastman tnchromatic X- 
plates, type B, were used for the recording of the electrophoresis patterns 
by Longsworth’s schheren scanning technique (7) 

Observations and Results 

In the course of this w ork a total of three fractionations was earned out, 
according to the scheme shown in the accompanying flow sheet 
Inasmuch as all fractionations were performed m a similar manner, only 
one of them, viz Preparation 2, wall be desenbed in some detail 
Step I — 500 gm of dried Krueger’s bottom yeast, Batch 12a, were sus- 
pended in 1500 ml of 0 066 m phosphate buffer of pH 7.2 The suspension 

'The mobility data reported m the preceding paper (1) nere computed on the 
basis of a photographic magnification factor of 1 37 Inasmuch as a recalibration of 
the apparatus revealed that the actual value is I 074, the mobilities quoted m the 
previous publication were too high by a factor of 1 27 
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m as stirred mechanically for 1 hour at 36-37° on the water bath 2000 ml 
of tap vater of room temperature were added and the diluted suspension 
was placed for 1 hour in the refrigerator It was then centrifuged for 
20 minutes at 2C00 rpm The supernatant Lebedev juice (Fraction I) 
which vas decanted from the sediment had a volume of 2570 ml and a 
nitrogen content, as determined by Pregl’s micro modification of the 
Kjeldahl method, of 2 3 mg per ml An ahquot of 20 ml was dialyzed in 
the refrigerator against 2 liters of 0 05 m phosphate buffer, pH 7 7, and 
examined m the electrophoresis apparatus The diagram obtained m this 
nay (Experiment 317) is reproduced in Fig 1 It discloses the presence 
of five more or less resolved components of a mobility ranging from —0 74 
to —60 X 10~ 5 cm 2 per second per volt for the descending boundanes 
The majoi amount of material was contained m the fraction of intermediate 
mobility (see Table I) The pattern here obtamed resembles that yielded 
by a similar extract in the previous publication ((1), Fig 9), except that 
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Fir 1 Electrophoretic diagram of crude, dialyzed Lebedev juice from Krueger’s 
bottom jeast (Batch 12a), Fraction I 

the resolution of the intermediate fraction is greater in the present instance 
The nomenclature employed in tlie present paper with regard to the desig- 
nation of the various electrophoretic components is the same as that used 
previously (1) , v e do not wish to imply, lion ever, that components bearing 
the same designation are necessarily identical It is quite possible that the 
quasistationary peaks (designated as y component) are m part buffer and 
protein concentration gradients (boundary anomalies), similar to the 5 and 
e maxima obscn ed in the electrophoretic diagram of blood serum (c/ (8)) 
Step II — The remainder of the Lebedev juice (2550 ml ) was mLxed with 
400 ml of 0 5 m phosphate buffer, pH 7 0, and then with 200 ml of M 
calcium acetate solution The heavy precipitate, consisting largely of 
calcium phosphate, was centrifuged off (10 minutes at 2000 rpm) and 
discarded The \olume of the clear, yellow supernatant solution (Frac- 
tion II) amounted to 2810 ml , the nitrogen content was 2 06 mg per ml , 
indicating that little if any protein had been adsorbed on the calcium 
phosphate Of this solution, 20 ml were equilibrated against 0 05 M 




STERN, SCHEXN, AND W VLLERSTEIN 


65 


phosphate buffer, pH 7 7, prior to examination in the Tisehus apparatus 
The pattern recorded (Experiment 316) was very similar to that obtained 
from the original Lebedev juice (see Fig 1) The differences in apparent 
mobility of the various components (see Table I) compared with those 
present in the Lebedev juice are possibly due to a slight hv drostatie shift 
which may have occurred during the experiment m the Tisehus cell (note 
the apparent cathodic mobihtv of the y boundary) 

Step III — To the balance of the supernatant fluid remaining after the 
calcium phosphate precipitation (2790 ml) there were added 964 gm of 
purified ammonium sulfate to bring the solution to 0 5 saturation A pre- 
cipitate formed immediately upon addition of the salt The suspension 
was kept m the refrigerator overnight and was then filtered by suction on a 
large Buchner funnel through filter paper cov ered with a 3 mm lay er of 
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Fig 2 Electrophoretic diagram of Fraction Illb 

Hyflo Super-Cel The clear, yellow filtrate (Fraction Illb), upon ex- 
amination (Experiment 318) in the Tisehus apparatus after dialy sis against 
phosphate buffer, showed a composition somewhat resembling that of the 
preceding solutions but the peaks visible in the electrophoretic diagram 
(Fig 2) enclose appreciably smaller areas, in keeping with the lower total 
nitrogen content (0 71 mg of X per ml ) The rest of the filtrate was 
discarded The filter cake remaining after removing as much of the filtrate 
as possible by pressing was suspended m 750 ml of 0 04 vt citrate buffer 
of pH 6 0 A slight turbidity was remov ed by filtration and an aliquot 
of the clear, yellow solution (Fraction IHa) was subjected to electro- 
phoretic analy sis (E> perunent 319) The resulting diagram (Fig 3) show ed 
the presence of three to four components with mobilities ranging from 
—0 1 to —6 27 X 10 -5 cm 5 per second per v olt (Table I) The nitrogen 
content of the solution was 1 32 mg per ml 
Step IV — The remainder of the solution was brought to 0 5 saturation 
by adding 305 gm of ammonium sulfate to approximately 800 ml of the 
solution After storage overnight in the refrigerator, the suspension was 
filtered by suction through Hyflo Super-Cel The clear, greenish yellow 
filtrate (Fraction IVb), which contained only a trace of protein, was dis- 
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carded The precipitate remaining on the filter was dissolved in 500 ml 
of 0 04 M citrate buffer, pH 6 A small amount of insoluble material was 
removed by filtration and an aliquot of the clear filtrate (Fraction IVa) 
was examined in the Tisehus apparatus (Experiment 320) The resulting 
pattern was very similar to that recorded with Fraction Ilia (see Fig 3), 
as would be expected from the fact that most of the protein material had 
been recovered in this fraction Fraction IVa contained 1 56 mg of N 
per ml or 87 per cent of the total nitrogen present m Fraction Ilia 
Step V — Tlie material, contained in Fraction IVa, representing proteins 
precipitable at 0 5 saturation with ammonium sulfate, was now further 
fractionated as follows' To 530 ml of solution of Fraction IVa ivere added 
185 ml of saturated ammonium sulfate solution, yielding a 0 26 saturated 
solution After standing m the cold overnight, the suspension was filtered 


A 


B 

Ascending- 1 — 

diagram of Fraction Ilia 

through Hyflo Super-Cel The precipitate remaining on the filter lias 
dissolved in 100 ml of 0 05 m phosphate buffer, pH 7 7, and filtered to 
obtain a clear solution According to electrophoretic analysis (Experi- 
ment 321, Fig 4) this fraction, designated as Subfrachon 1, contained tvo 
major components (a and /3) of a mobility of -6 and —4 X 1 0' 5 cm 5 per 
second per volt respectively The descendmg patterns revealed, in addi- 
tion, the presence of a trace of a highly mobile material (u = —8 7) 
The nitrogen content amounted to 0 4 mg per ml To the filtrate re- 
maining after precipitating Subfraclton I at 0 26 saturation with ammonium 
sulfate there were added 350 ml of saturated ammonium sulfate solution, 
raising the salt concentration to 0 5 saturation A bulky precipitate 
formed w Inch was filtered off as usual and dissolved in 300 ml of 0 05 M 
phosphate buffer of pH 7 7 After clarification, an aliquot was examined 
m the Tisehus apparatus (Experiment 322) and found to contain essen- 
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bally material of intermediate mobilitj (jS components), as shown in 
Fig 5 and Table I 

The solubon contained 1 64 mg of X per ml , it was designated Sub- 
fraction 2 The filtrate remaining after the removal of Subfraction 2 
(volume 990 ml ) was brought to 0 73 saturabon b\ the addibon of 870 ml 
of saturated ammonium sulfate solution The resulting precipitate was 
dissolved in a mixture of 50 ml of 0 1 m citrate buffer, pH 6, 50 ml of 
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Fig 4 Electrophoretic diagram of Subtraction 1 
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Fig 5 Electrophoretic diagram of Subtraction 2 

saturated ammonium sulfate solubon, and 100 ml of distilled water, cor- 
responding to 025 saturabon with regard to ammonium sulfate An 
aliquot of the filtered solubon, called Subfrachcm S, was subjected to 
electropborebc study (Experiment 323) The diagram (Eg 6) showed a 
relatively large amount of an initially well defined fractaon of a mean 
mobility of —4 17 X 10 -5 cm 5 per second per volt and a smaller amount 
of a component of a mean mobility of — 6.3 As m the instance of most 
other components here observed, the former showed a considerable tendency 
to spread m the later part of the experiment The nitrogen content of 
the solubon was 0 49 mg per ml The filtrate obtained after precipitating 





68 


ELECTROPHORESIS OP YEAST FRACTIONS 


Subfraction 3 gave a negative test for protein with sulfosalicylic acid and 
hence was discarded The nitrogen content of all three subfractions 
amounted to 73 per cent of the mtrogen content of Fraction IVa, the bulk 
of the mtrogen, viz 57 per cent, was contained in Subfraction 2 , while 
Subfrachon 1 contained about 5 per cent and Siibfraclton S represented 
approximately 11 per cent of the mtrogen of Fraction IVa 
Step VI — Subfraction 3, which, according to Green el al (5), would be 
expected to contain the bulk of the yeast carboxylase, was further frac- 
tionated m the following manner The remainder of Subfraction S, 



Fig 6 Electrophoretic diagram of 
Subfraction 3 


Fig 7 Electrophoretic diagram of 
Subfraction 3b 


amounting to 180 ml , was first brought to 0 5 saturation of ammonium 
sulfate by the addition of 80 ml of saturated salt solution Since no 
precipitate, corresponding to Green’s Siibfraction 3a, formed at this stage, 
an additional 143 ml of saturated ammonium sulfate solution were added, 
raising the salt concentration to 0 67 saturation The resulting precipitate 
was dissolved m 40 ml of 0 1 m citrate buffer, pH 6, 40 ml of saturated 
ammonium sulfate solution, and 80 ml of water Of this solution, repre- 
senting Subfraction 3b, 15 ml u r ere dialyzed against phosphate buffer and 
submitted to electrophoretic examination (Experiment 324) The diagram 
(Fig 7) showed essentially one, very sharp boundary migrating at pH 7 32 
at a mobility of —5 7 X 10~ 5 cm 2 per second per volt in the ascending 
and —6 0 in the descending limb of the apparatus This boundary, which 
showed onlj a slight tendency to spread during electrophoresis, would 
correspond to an a component on the basis of its mobility (see Table I) 
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The filtrate obtained after the remov'd of Sitbfraclwn Sb was brought 
to 0S2 saturation by the addition of 292 ml of saturated ammonium 
sulfate solution to 3S0 ml of protein solution The precipitate which now- 
formed was dissoh ed m 20 ml of 0 05 m phosphate buffer, pH 7 7, clarified 
bj filtration ( Subfraclwn Sc), and studied in the Tisehus apparatus (Ex- 
periment 325) According to the pattern recorded of this fraction (Fig 8) 
seieral components of mobilities ranging from —3 0 to —7 1 X 10~' J cm 5 
per second per \olt (for the ascending boundaries) were present in this 
subfraction S2 per cent of the material was of fi mobility (see Table I) 
411 boundaries showed a considerable tendency to spread during electro- 
phoresis, m contrast to the boundary observed in Subfraclion Sb The 
nitrogen content, of Sitbfraclwn Sc was 0 5 mg per ml 


A 

B 


Fig S Electrophoretic diagram of Subtraction 3c 

Step 1 II — Subfraclion Sb, which according to Green contains the enzyme 
carboxylase, was further fractionated as follows To 140 ml of Subfrac- 
Iton Sb there were added 57 5 ml of saturated ammonium sulfate solution, 
bringing the solution to about 0 5 saturation Since no precipitate, corre- 
spondmg to Green’s Subfraclion Sbi, appeared at this point, 115 ml of 
saturated ammonium sulfate solution were added, raising the concentration 
to 0 66 saturation The precipitate which formed w as dissoh ed in 30 ml 
of 0 04 xt citrate buffer, pH 6, the solution was clarified by filtration (Sub- 
fraclwn Sb,) One-half of this solution was first used for electrophoretic 
analysis (Fig 9, Experiment 326) Only one boundary of a mobility of 
~5 4 X 10 -5 cm 1 per second per volt was recorded on the ascending as 
well as the descending side (see Fig 10) This boundary , which exhibited 
the mobility of an a-protem fraction, showed a considerably greater 
tendency to spread during electrophoresis than did the single boundary 
observed in Subfraclion Sb (compare with Fig 7) The nitrogen content 
of this solution was less than 0 68 mg per ml The material was recovered 
from the electrophoresis cell, combined with the remainder of Subfraclion 
Sb:, and was precipitated at full saturation with ammonium sulfate The 
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precipitate was redissolved in 7 ml of 0 05 M phosphate buffer, pH 7 7, 
and the resultant clear, yellow solution was equilibrated against 2 liters 
of phosphate buffer by dialysis When this reconcentrated Subfraction 8b j 
was examined in the Tisehus apparatus, the appearance of the (Fig 10, 
Experiment 329) electrophoretic pattern in the ascending limb w as the 
same as that of the original Subfrachon 8b«, except for the presence of a 
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Fig 9 Electrophoretic diagram of Subtraction 3b 
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Fig 10 Electrophoretic diagram of Subfraction 3b., concentrated by ammonium 
sulfate precipitation 

Fio 11 Electrophoretic diagram of Subfraction 3bj 

trace of a component of lower mobility The mobility of the main com- 
ponent amounted to —4 4 X 10 -5 cm 2 per second per volt, which is some- 
what lower than that of the corresponding material in the original sub- 
fraction This might indicate a modification of the protein under the 
influence of high salt concentration 

The filtrate from Subfraction 3b» w as brought to 0 83 saturation by adding 
330 ml of saturated ammonium sulfate solution to 330 ml of the filtrate 
The precipitate which formed was dissolved in 11 ml of 0 05 M phosphate 
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buffer, pH 7 7, clarified by filtration ( Subfraclton Sbi), and subjected to 
electrophoretic examination after equilibration against the same buffer 
(Experiment 327, Fig 11) As Mould be expected from the low nitrogen 
content (0 15 mg per ml ), onl\ a \erj low peak was obsen ed in this 
subtraction (Fig 11) The mobility of this material, tir —3 6 X 10 -4 cm * 
per second per \ olt, was definitely Ion er than that of the boundary recorded 
for Subfraciion Sbi The mobility \ alues as w ell as estimates of the relatn e 
concentrations of the \anous electrophoretic components observed in these 
experiments are gnenin Table I 

No claim is made with regard to the precision of these data The} are 
listed chiefly as an aid in labeling and tracing the individual components 

DISCUSSION 

The optical resolution of crude dial} zed } east maceration extracts into 
individual components by the moving boundary method of electrophoresis 
is considerabl} less complete than that of the proteins in blood serum, for 
example Under these conditions a successful mechanical separation of the 
individual colloids present in these extracts b} preparatu e electrophoresis 
would not seem to be very promising However, the present expenmen ts 
show that electrophoretic anal} sis is useful in determining the success of 
chemical fractionation procedures at ev ery step of the process As judged 
by the results obtained with this ph}sical tool, half saturation of crude 
}east extracts with ammonium sulfate does not produce a fractionation as 
decisiv e as that of blood serum mto globulin and albumin components b} 
the same means Especially pronounced in the case of y east proteins is 
the tendency of coprecipitation of components of high and intermediate 
ammonium sulfate solubility in the early stages of the fractionation pro- 
cedure From the point of view of extent of separation, Step II (calcium 
phosphate precipitation) appears to be the least efficient and Step IV 
(fractional ammonium sulfate precipitation) the most effectiv e operation 
It is also noteworthy that fractions of similar electrophoretic mobility, 
present m the crude extracts, exhibit significant differences with respect to 
then- solubility in ammonium sulfate This is similar to the finding of 
Tisehus (3) that the individual globulin components of blood serum con- 
tain fractions of different solubility in spite of closely similar electro- 
phoretic mobility 

As may r be seen from the diagrams reproduced in this paper, the pro- 
cedure of Green et al , employed m the purification of yeast carboxylase (5), 
leads to the isolation of a protein component which has a well defined 
mobility (5 4 X 10 -5 unit at pH 7 3) and a fair degree of electrochemical 
homogeneity It should be noted, howev er, that Green el al state that 
their enzyme preparation of the highest activity ratio which they were 
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able to obtain was not homogeneous As is shown in tbs paper (see 
Figs 9 and 10), the reprecipitation by ammonium sulfate of the protein 
isolated by Green’s method produces a change m electrophoretic behavior 
and pattern Upon examination in the analytical ultracentnfuge this ma 
tenal was found to be polydisperse It would appear, therefore, that in 
highly purified form this protem show's a greater sensitivity towards high 
salt concentration than in the crude extract, an experience not uncommon 
in the field of biologically active proteins It w'ould be of interest to 
correlate the electrophoretic components here observed wnth proteins previ 
ously isolated from yeast, e g , the crystalline proteins descnbed recentlj 
by Kumtz and McDonald (9) 


SUMMARY 

The fractionation of the proteins present m yeast maceration extract 
(Lebedev juice), essentially by ammomum sulfate precipitation, has been 
followed by electrophoretic analysis of the various fractions in the Tiselms 
apparatus 

It could be demonstrated that the procedure employed by Green and 
his associates in the purification of yeast carboxylase leads to the isolation 
of a fairly well characterized protein fraction This protein occurs in 
the crude extracts only in small amounts and it has been possible to follow 
the elimination of large amounts of ballast proteins and other colloids b) 
controlling the chemical fractionation procedures by electrophoretic analy- 
sis af each stage of the process No attempt has been made to correlate 
specific biological activity with the electrochemical properties of the 
individual components Data are presented for the electrophoretic mobili 
ties and approximate relative concentrations of the various colloidal com- 
ponents of y east maceration extract 
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For mam years it has been obvious that separation of the different 
classes of amino acids might be achiev ed by electrophoresis Theoretically 
it ought to be possible to obtain the monoaminodicarboxylic acids m the 
anodic compartment, the monoaminomonocarboxylic acids in the middle 
compartment, and the dibasic monocarboxy lie acids in the cathodic 
compartment of a three cell apparatus In fact such a separation is 
claimed to ha\ e been performed with some degree of exactitude by Theorell 
and Akeson (1), who worked on a micro scale The main difficult) of the 
method is to keep the pH of the middle cell of the apparatus constant at 
about 6 For this purpose the membranes betw een the different compart- 
ments must have certain properties, not easily realized Theorell and 
Akeson used parchment papier and parchment freed from all but the 
epidermal parts by an operation not possible to cany out with areas larger 
than a few sq cm 

Another difficulty, which, however, is easier to ov ercome, is that glutamic 
and aspartic acids are attacked b) any chlorine that may be evolved m 
the anodic compartment following the discharge of chloride ions Gen- 
erally the solutions must be freed of these ions before treatment m the 
electrolysis apparatus 

If the ideal membrane combination has not been found, the pH of the 
middle compartment changes, causing the neutral ammo acids to assume 
a net charge and hence to migrate to the anodic or cathodic compartment 
Generally the pH turns acid, so that the neutral ammo acids migrate 
towards the cathode The addition of a buffer substance capable of 
keeping the pH between proper limits would prevent this and would make 
the whole process practicable, especially if the membranes were imper- 
meable to the substance in question 

In recent years such substances have been commercially produced, 
namely the amon-exchangmg synthetic resins of the type of Amberhte 
IR-4 These substances hav e already been used for the purpose of sepa- 
rating ammo acids by adsorption, for both analytical (Freudenberg el al 
(2)) and preparativ e (Cannan (3)) purposes 

* Aided bj a grant from the Svensha Jastfabnksaktiebolaget 
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In reviewing the method theoretically, Cannan found that the presence 
of hexone bases interfered with the quantitative adsorption of the dicar 
boxyhc acids, a difficulty ivhich he circumvented by usmg large amounts of 
hydrochloric acid to be adsorbed simultaneously with the ammo acids or 
by first freeing the solution from the major part of the hexone bases with 
phosphotungstic acid It is obvious that if, as is the case in yeast hj 
drolysates, the solution contains significant amounts of other positive ions 
such as K , etc , the latter procedure is of limited value In such cases it 
might be expected that electrophoresis v ould prove a useful method of 
freeing the solution from all positively charged ions 

The present author has therefore attempted to combine the two proce 
dures, adsorption according to Cannan, and electrophoresis, in order to 
obtain an easy method for the separation of the different classes of amino 
acids 


Procedure 

A few r changes were made in the construction of the electrophoresis 
apparatus of Albanese (4), a cooling coil being inserted into the central 
compartment 

The procedure worked out was the follownng A protein hydrolysate 
m HC1 w as partially freed from the acid by repeated evaporation to dryness 
in vacuo, dissolved m water, and filtered to remove humin The solution 
was stirred for a few hours with Amberlite IR-4 and transferred to the 
middle cell of an electrophoresis apparatus together with some fresh 
Amberlite In all cases the catholyte consisted initially of distilled water 
and the anolyte of a dilute sulfuric acid solution 

The time-current curve followed the course described by Albanese, 
the current ivas not reduced to insignificant values even after a very long 
time This was due to the sample of resin used, wutli which the pH of the 
solution could not be maintained at a value higher than about 4 5 instead 
of the ideal value of pH 5 5 to G 0, w’hich w r as originally intended The 
catholyte solution was therefore neutralized and submitted to the same 
procedure once more and in some cases a third time 

The pooled samples of Ambeilite from the initial treatment and the 
fn st electrophoresis w ere treated w ith strong HC1 to elute the monoammo 
dieni boxyhc acids, which were then isolated oi estimated in the usual 
manner 

It was found that only insignificant amounts of nitrogen migrated into 
the anode solution under these circumstances {eg, in an experiment with 
yeast hydrolysate 0 5 mg out of 1800 mg ) Consequently the anolytes 
were discarded m all cases 
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Results 

As an example of results obtained is ltli the abos c procedure the following 
experiment mas be cited, earned out with a synthetic hydrolysate con- 
taining, in about 300 ml of solution, arginine (43 7 mg of X), histidine 
(10 1 mg of N), glscine (106 S mg of N), and glutamic acid (51 4 mg of 
X) To this is ere added some ammonium sulfate (about 40 mg of N), 
potassium phosphate, and ins ert sugar After acidification ssith HC1, the 
solution ssas treated according to the abose procedure with tsso electro- 
phoreses After the separation the acid fraction contained 49 5 mg of 
N orgamcalls bound (calculated, 51 4 mg ), the neutral fraction 112 0 mg 
(calculated, 106 8 mg), and the basic fraction 51 0 mg (calculated, 53 8 
mg ) The analysis was earned out in less than 2 days It seems s cry 
probable that still better results might has e been achies ed if the neutral 
solution had been treated once more with Amberlite and subsequently 
subjected to a third electrolysis The procedure led to practically no loss 
of nitrogen, svhich is especially saluable if the hydrolysate fractions are 
later to be analy zed for the different ammo acids 
An estimation of arginine m the “basic” solution of a similar expenment 
resealed that of G2 4 mg of arginine nitrogen 60 2 mg could be isolated 
m the form of arginine monoflasianate, a loss of about 3 per cent 

SUSISIARY 

The pH changes in ronophoresis of ammo acid solutions can be os ercome 
bs adding some anion exchanger to the central compartment of a three 
cell apparatus This ssill present the pH from falling losser than about 
4 5, at which salue practically only the hexone bases ssill migrate to the 
cathode The glutamic and aspartic acids ssill largely be adsorbed to the 
anion exchanger (Amberhte IR-4), prosided that the anode compartment 
is sufficiently acid The losses of ammo acids are s ery small during this 
procedure, so that it may be repeated at will, but ordinarily tsro runs ssill 
be sufficient to complete the separation of the ammo acids into the three 
classes, acid, neutral, and basic 
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A NOTE ON mcso-ERYTHRITOL, A METABOLIC PRODUCT OF 
ASPERGILLUS TERREUS 

By FRANK H STODOLA 

{From the Fermentation Dirmon, Northern Regional Research Laboratory * 
Peona, Illinois) 

(Received for publication, August 8, 1946) 

In a recent paper (1), we reported the formation of itatartanc acid by an 
ultraviolet-induced mutant of Aspergillus terreus We have since found 
that by prolonged ether extraction of the concentrated culture liquor 
therein described a brown gum is obtained which, after some months 
standing, deposited large crystals These crystals (355 gm) could be 
separated from the g um on the basis of their insolubility in methanol 
Decolonzation with carbon and crystallization from 80 per cent alcohol 
ga\e 2.38 gm of colorless, tetragonal crystals, mp 117-120° A second 
crop of 0 47 gm was obtained (mp 115-118°) The water solubility, 
neutral reaction, and negative Fehhng's test for reduemg sugars suggested 
a polyhydne alcohol The melting point and analysis (calculated for 
ChHioCL, 39 34 per cent C, 826 per cent H, found, 39 6 per cent C, 8.3-1 per 
cent H) indicated the compound to be meso-erythntol Identity was 
established by a mixed melting point test with an authentic sample of meso- 
erythntol, mp 118-121° The x-ray diffraction patterns of the natural 
and authentic samples were the same The tetraacetate of the isolated 
product, m p 85-86°, was shown by the mixed melting point test and x-ray 
patterns to be identical with the tetraacetate of the authentic sample, 
m p 85-86° The yield of meso-erythntol (2 85 gm ) was small since the 
amount of glucose supplied was 825 gm 
A sun ey of the literature shows that, although meso-erythntol frequently 
occurs in algae and lichens, there has been only one report (2) of the isola- 
tion of this sugar alcohol from mold culture liquors The molds used in 
this work by Oxford and Raistnck were Pemnlhum hrem compaclum 
Dierckx and Penicillxum cyclop um Westlmg These investigators point 
out that, in contrast to meso-erythntol, mannitol is a tissue constituent 
of many mold species and is sometimes found in the culture liquor in large 
amounts 
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DETERMINATION OF ASPARTIC-GLUTAMIC TRANSAMINASE 
IN TISSUE HOMOGENATES* 

Bt STANLEY R AMESf akd C A ELVEHJEM 

(From the Department of Biochemistry, College of Agriculture, University of 
TTtsconsin, Madison) 

(Received for publication, July 29, 1946) 

During the course of studies on the effect of pyndoxme deficiency on 
transaminase activity, it became evident that a simple and rapid method for 
the assay of transaminase in normal and abnormal tissues was necessary 
In this in\ estigation it was not essential to deter mi ne each of the constit- 
uents of the transaminatmg sy stem but rather to ascertain the concentra- 
tion of a single component in a rapid and exact manner 
The techniques dex eloped by Cohen and Hekhuis (1) for the stud} of 
transamination in normal tissues hax e been widely accepted but the pro- 
cedures are rather slow Glutamic acid was determined according to Cohen 
(2, 3) by treatment with chlornmine-T, followed by hy drolysis to succinic 
acid which could be determined bY a preparation of succinic oxidase Py - 
rune acid was determined by the carboxylase method of Westerkamp (4) 
and a-hetoglutanc acid according to Krebs (5) by oxidation with acid per- 
manganate to succinic acid, followed by enzymatic assay Aspartic acid 
was determined by the method of Cohen (3) by measuring the carbon 
dioxide formation on treatment with cbloramme-T 
Recently Green and cow others (6) have dec eloped simple and rapid 
methods for the study of transamination a-Ketoglutanc acid was oxi- 
dized by means of H.O; to succinic acid, which then could be determined 
by succinic oxidase preparations Oxalacetic acid was determined spec- 
trophotometncally or manometncally by measuring carbon dioxide e\ olu- 
tion on treatment with aniline citrate (7), according to the principles 
de\ eloped by Ostem (8) These analytical techniques were dex eloped spe- 
cifically for punfied preparations of transaminase and cannot be directly 
applied to the study of transaminase m whole tissue preparations 
In this contribution, a method for the determination of oxalacetic acid is 
de\ eloped which is applicable to the assay of aspartic-glutamic transaminase 

* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station These studies were aided by a grant from the Rockefeller Founda- 
tion 

t Present address, Research Laboratories, Distillation Products, Inc , Rochester, 
New York 
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TRANSAMINASE IN TISSUE HOMOGENATES 


m tissue homogenates Possible sources of error have been evaluated and 
the precision of the method has been determined 

EXPERIMENTAL 

Animals were stunned by a blow on the head, decapitated, and 
exsanguinated The tissues were rapidly extirpated, nnsed with redistilled 
water, and immediately packed in finely cracked ice After coolmg, bits of 
fat and connective tissue were removed and the tissues w ere blotted be- 
tween moistened filter papers and rapidly weighed on a delicate torsion 
balance A homogenate of the tissue was prepared by means of the device 
described by Potter and Elvehjem (9) m ice-cold 010 m sodium potassium 
phosphate buffer (pH 7 3) with a prechilled tube and pestle This 
homogenate was pipetted immediately into the reaction vessels to avoid 
destruction of the enzyme by light, as reported by Scblenk el al (10) The 
dry weights of samples were determined by evaporation to constants eight 
m open crucibles in an electric oven at 110° 

A conventional Warburg apparatus at 37 0° w as used m all experimental 
and analytical work and the pH was determined by means of a Beckman pH 
meter (glass electiode) A summary of the components of the final reac 
tion mixture is as follows 0 50 ml of 0 25 m sodium potassium phosphate 
buffer (pH 7 3) prepared as previously described (11), 0 50 ml of 0 20 M 
sodium aspartate, 0 50 ml of 0 10 m sodium a-ketoglutnrate 1 (in one side 
arm) , 0 50 ml of aniline citrate reagent prepared as previously desen bed (12) 
(in the second side arm), the desired amount of tissue homogenate m 0 10 
m sodium potassium phosphate buffer (pH 7 3), and a sufficient quantity of 
this same 0 10 m buffer to yield a total volume of 3 00 ml After a 6 to 8 
minute equilibration the stop-cocks were closed and the a-ketoglutaratc was 
added fiom one side arm The transamination reaction was allowed to 
proceed for exactly 10 minutes and was stopped by adding the aniline citrate 
reagent from the other side arm, and mixed carefuUy to insure complete 
decomposition of oxalacetic acid The evolution of carbon dioxide is 
complete within 10 minutes 

Before applying this reaction system to tissue homogenates there are 
three possible sources of deviations which must be evaluated, namely, the 
effect of the aniline citrate reagent on tissue homogenates, the effect of 
tissue homogenates on the rate of disappearance of oxalacetic acid, and the 
determination of the carbon dioxide evolution at zero tissue concentration 

In order to determine the effect of the aniline citrate reagent on tissue 
homogenates, a senes of determinations was made of the carbon dioxide 

1 Appreciation is expressed to Dr II H Burns for a generous sample of a hctoglu 
tanc acid 
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evolution on tlie addition of different quantities of tissue homogenate in the 
above test system, except that the a-hetoglutarate was omitted The re- 
sults of numerous deter mina tions of this type with a number of different 
tissues indicated that a value of approximately 0 4c mm of carbon dioxide 
was evolv ed per mg of tissue on a wet weight basis (Fig 1) With this 
figure, suitable correction must be made for each lei el of tissue used in the 
determination of oxalacetate This correction must be applied before any' 
attempt is made at extrapolation to determine the intercept which repre- 
sents the carbon dioxide evolution at zero tissue concentration 



TTo 1 Determination of transaminase in normal rat kidney Curve I, e\ olution 
of carbon dioxide (uncorrected) , Curve II, carbon dioxide evolution corrected for 
tissue homogenate (Curve I minus Curve lU.) , Curve III, carbon dioxide evolution 
due to tissue homogenate alone (a ketoglutarate omitted from the reaction mixture) 
The components of the reaction mixture are described in the text, except that a 5 per 
cent homogenate of normal rat kidney was used Tissue levels are expressed on a 
wet weight basis 


It has been shown previously that oxalacetic acid spontaneously decom- 
poses at 37 0° The rate of decomposition is slow enough so that in 10 
minutes only about a maximum of 2 per cent error results from this cause 
(6) However, the possibility of enzymatic oxidation presents a possible 
deviation which was evaluated by setting up a senes of experiments m which 
aspartate and a-hetoglutarate were eliminated from the reaction mixture, 
and different levels of oxalacetate were added Aniline citrate was added 
at zero time m one flash and after 10 minutes incubation at 37 0° m a second 
flask (Table I) Evolutions of carbon dioxide were the same within expen- 
mental error in both flasks at several tissue lev els, indicating that no sigtufi- 
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cant destruction of oxalacetate could be attributed to the tissue homogenate 
when manometnc techniques xxere used 
The obvious type of control flask, m which a-ketoglutarate onlj is 
omitted, was found to be unsatisfactory since it did not yield a hnear cune 
when tissue concentration was plotted against corrected evolution A 
method of determining carbon dioxide evolution at zero tissue concentra 
tion was developed which is similar to that used by Schneider and Potter 

Table I 


Effect of Tissue Homogenate on Rale of Disappearance of Oxalacetic Acid 


Sample No 

1 

Liver (wet weight) 

COi evolution 

Determination it ! 

rero time 1 

Determination after JO nun 
incubation at 37 0* 

i 

m 

20 

mm 

emm 

20S 

2 

50 


217 

3 

100 

227 

219 


The components of the reaction mixture are described in the text, except that the 
a-ketoglutarate and aspartate uere omitted and 0 50 ml of 0 020 m oxalncetate vas 
initially present A 10 per cent homogenate of rat liver xxns used 


Table II 


Transaminase Activity of Representative Tissues from Normal Rais 


Tissue 

} Qjt (omlacctale appearance) 

Heart muscle 

237 



266 

Axerage = 247 


251 



234 

c = 12 7 

Kidney cortex 

94 5 

“ = 4 9 

Liver 

6S 

“ = 4 0 

Lung 

16 



(13) for the assay of cytochrome oxidase It consists of plotting the carbon 
dioxide evolution, corrected for C0 2 retention in the tissue (previously de- 
termined), against the tissue concentration for three or more tissue levels 
and extrapolating to the axis to obtain the C0 2 evolution at zero tissue con 
centration (Fig 1) This intercept value is subtracted from each of the 
experimentally obtained C0 2 ex olutions to obtain the true C0 2 evolution as 
a function of the tissue lex el emploj ed 

The calculation of the transaminase actixnty from the uncoirected carbon 
dioxide cxolution obtained as described m a previous paragraph entails txxo 
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steps First a correction is subtracted to account for the CO. retention in 
the tissue itself and amounts to 0 4 c mni of CO; per mg of tissue on a Tret 
weight basis Secondlj , these corrected CO; e\ olutions are plotted against 
tissue concentrations for three or more tissue lei els The CO; ei olution at 
zero tissue lei el obtained bi extrapolation is subtracted from each of the 
sei eral corrected CO. ei olutions to yield a \ alue of CO; evolution which can 
be related directli to oxnlacetate formed and therefore to enzyme present 

The transaminase lei el m the heart muscle of a senes of white rats was 
determined to ascertain the experimental error of the determination "With 
four animals, an ni erage Q™ was found to be 247 with a a of 12 7 Table 
II shows the transaminase values obtained for a number of tissues from 
normal rats and, in cases in which the precision was determined, it 
was found to correspond with that gn en for heart muscle 

discussion 

The proposed method has proi ed satisfactory for a number of different 
tissues of both plant and animal ongin In addition to normal rats the 
tissues from rats on a vitamin Brdeficient diet haie been analyzed in a 
satisfactory fashion The technique has been used bj Bums and Krekcr 
for the studj of transaminase in the embrj onic tissues from wheat, oats, and 
barlej It is anticipated that by ascertaining the possible errors, as indi- 
cated in the experimental section, this technique may offer a rapid and pre- 
cise method of comparing the transaminase activity of tissues from both 
plants and animals 

Smce this method is adapted for tissue preparations from the one proposed 
expressly for purified enzymes by Green elal (6) , the question of the method 
of expression of results is raised The Q notation has become well estab- 
lished and accepted in enzyme hterature Cohen and Hekhuis (1) used the 
Q t value exclusivelj , but this notation suffers when used for transaminase, 
since there is no indication of the incubation time and the Q r vanes 
markedly with the time of incubation Green ei al (6) have standardized 
the incubation time and proposed as a unit of transaminase actrntj an 
amount of enzyme which produces “an amount of oxalacetic acid equn alent 
to 100 c.mm of CO; formed per 10 minutes at 38° ” Howei er, when ap- 
plied to tissues these units must be referred to the weight of tissue on a dry 
weight basis, and for this purpose it is not as convenient as the well stand- 
ardized Q notation 

In order to obviate the difficulty experienced in relating the Q T to the time 
of incubation, it is proposed that the time m minutes be indicated by a 
superscript Thus Q™ would indicate the emm of carbon dioxide liberated 

* Bums, R H , and Ivreko , M J , private communication 
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from an equivalent amount of ovalacetate formed in a 10 minute incubation 
period per mg of dry v eight of tissue added It is believed that this con- 
i ention offers some measure of reproducibility m a system m which the rate 
of the reaction vanes with incubation time 

SUMMARY 

1 A rapid, precise, analytical method for the determination of aspartic- 
glutamic transaminase activity in tissue homogenates is descnbed, based 
on the determination of oxalacetic acid by the use of aniline citrate 

2 A number of sources of possible denation have been evaluated, 
methods of correction have been devised, and the precision of the method 
determined 

3 The transammase activity is reported for a number of tissues of nor- 
mal albino rats 

4 The use of the notation Q l ? is proposed in which the superscript in- 
dicates the incubation time in minutes 
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THE CONJUGATED, NON-PROTEIN, AMINO ACIDS OF PLASMA 
II A STUDY OF DEPROTEINIZING TECHNIQUES 
Br HALI OR N CHRISTENSEN and ELEANOR L LYNCH 
(From The Mary Imogcnc Bassett Hospital, Cooperslenm, New Yorl ) 
(Received for publication, Julj 25, 1946) 

Analyses reported recentlj (1) showed small and variable concentrations 
of bound a-amino acid nitrogen, released by acid hjdroljsis, in tungstic 
acid filtrates, trichloroacetic acid filtrates, and ultrafiltrates of human 
plasma The similarity of the quantities found in ultrafiltrates and tung- 
stic acid filtrates in two cases suggested that the conjugates were diffusible 
through cellophane In the present communication evidence is presented 
to show that the ammo acid combinations of human plasma filtrates in- 
clude non-diffusible conjugates, presumably proteins, and hence that de- 
proteiruzation by these agents is inadequate for the determination of 
peptides Serum, on the other hand, was found to contain not only more 
non-diffusible combined ammo acids soluble in TCA (trichloroacetic acid) 
than the plasma from which it was denved, but also substantial quantities 
of ammo acid combinations diffusible through cellophane 
Another question which concerned the validity of our analyses was 
studied first Are the proteins of plasma stable under the conditions of 
sampling and deproteimzation’ The possibility that proteolysis occurred 
either before or during deproteimzation must be considered, since (a) pro- 
teolytic proenzymes are present m plasma, which may be activated by 
chemical agents such as TCA (2-5) , (b) increases m the conjugated ammo 
acids soluble m TCA occur m the clotting of plasma (1) 

The following entenon was proposed as evidence for freedom from inter- 
ference by proteolysis The conjugated ammo acids found in filtrates 
should not be increased by reasonable prolongation m the periods of ex- 
posure to sampling or deproteimzation conditions This entenon was 
met with tungstic acid deproteimzation The total a-amino acid nitrogen 
values (by acid hj drolysis) were reproducible and constant for plasma for 
3 to 5 hours after blood was drawn (Table I) , the totals reached minimum 
values more than 10 minutes but less than 30 minutes after tungstic acid 
was added and showed no tendency to increase (Table II) 2 5 per cent 
TCA filtrates on the other hand reached minimum values so gradually (an 
interval of at least 2 to 8 hours between the addition of TCA and removal 
of the precipitate was required (Figs 1 and 2)) that the possibility of 
proteolysis could not be excluded The total a-ammo nitrogen of TCA 
filtrates gradually approached the v alue for the tungstic acid filtrate of the 
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same plasma 4 per cent TCA, a strength more frequently employed, re- 
quired an hour or more to yield filtrates containing minimum total a-amino 
nitrogen, with no evidence for a subsequent nse None of our plasma 

Tablf I 

Effect of Varying Time Interval from Addition of Ivngstic icid to Removal of Protein 

Precipitate by Centrifugation 


Values are in mg per cent of a amino N and each value is an average of two or 
more analjses 


Plasma No 

Free a amino 
nitrogen 

Total a amino nitrogen 

Time interval 

10 min 

30 min 

130 min ( 

180 min 

R77 

% 

5 14 



4 91 

R7S 

■ 

4 90 



4 55 

RS4 

■HI 

4 52 

4 37 

4 40 

4 39 


Tablf II 

Reproducibility of Values Found for Total a Ammo leiri N in Duplicate Dcprotcm- 
tzahons by Tungstic Acid, Effect of Storage of Plasma before Dcproteimzation 
The values are in mg per cent of a amino N and are n\ crages of duplicates Each 



filtrates became turbid upon standing In the experiments reported previ- 
ouslt (1) the protein precipitate by TCA was filtered after 30 minutes 
through a paper so small that 1 to 3 hours was required for filtration, 
w hcreas in the present experiments the precipitates were removed by cen- 
trifugation, followed by filtration of the supernatant Under the former 
conditions the total a-anuno nitrogen values were nearly minimum, W'hereas 




























HOURS BEFORE PRECIFITA.TZD PROTEI2! REMOVED BY CENTRIFUGATION 

Fig 1 Decrease of total a amino acid found with time of contact of plasma with 
trichloroacetic acid (TCA) Cun e 4, 4 per cent TCA by adding plasma to 9 i olumes 
of TCA, Cun e B, same plasma sample, 4 per cent TCA bi adding 20 per cent TCA to 
diluted plasma The other curves are for three different plasmas deproteimzed b> 

2 5 per cent TCA 

The plasma-serum differences m conjugated a-amino nitrogen of TCA 
filtrates observed earlier (1) were uniformly observed in the present ex- 
periments, "whether deproteimzation by TCA proceeded for 30 minutes 
or 8 hours (Fig 2, Tables III and TV) There was no evidence that heparin 
modified the rate of protein precipitation These new soluble conjugates 
were observed within 15 minutes of drawing blood, before visible clotting 
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had occurred (Table III), hence their formation appeared to be an early 
e\ ent in blood coagulation The conjugates w ere apparently not formed 
by fibrinolysis, since serum prepared by defibrination of plasma and im- 
mediately deproteimzed contained as large a concentration as serum left 
in contact v ith the fibnn clot for 2 hours 
Do Dcproleimzing Techniques Remove Proteins Completely ? — This ques- 
tion w as emphasized by the observation of Beckman, Hiller, Shedlovsky, 



HOURS BEFORE PRECIPITATED PROTEIN REMOVED 
Tic 2 Comparison of the behavior of plasma and serum with trichloroacetic acid 
2 5 per cent TCA except as indicated Plasma B contained 3 76 mg per cent of free 
a amino N, Serum B (derived from Plasma B) contained 3 99 mg per cent 

and Archibald (6) of a protein m unne soluble m 0 25 m TCA We have 
found that within the error of measurement all of the conjugated a-amino 
nitrogen m tungstic or picric acid filtrates of six normal plasmas was not 
diffusible through cellophane (4 days with rotation) (Table IV) Picric 
acid filtrates of plasma were intermediate between tungstic acid filtrates and 
TCA filtrates in their content of conjugated a-amino nitrogen The pres- 
ence of dialyzable bound a-amino mtrogen m TCA filtrates was not as 
satisfactorily excluded as with the other two types of filtrates, but the 
concentrations w ere not over 0 04 to 0 3 mg per cent 
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TCA filtrates of serum on the other hand contained in three cases 0 70, 
0 46, and I 10 mg per cent of diffusible conjugated or-ammo nitrogen 
(Table IV) Of the total increase of conjugated a-amino nitrogen soluble 
m TCA produced by coagulation about half was diffusible 

UUrafiUralwn and Dialysis of Plasma — In two former experiments (1) 
values for conjugated a-amino nitrogen in ultrafiltrates and tungstic acid 
filtrates were similar, suggesting that the latter reagent produced complete 
deprotemization When, hor, ever, senal portions of ultrafiltrates were 

Table III 

Time Relationships in Formation of Extra, Trichloroacetic Acid-Soluble, Conjugated, 
a Amtno A in Coagulation of Plasma 

Protein precipitates were removed 2 hours after adding trichloroacetic acid 
(TCA), except that with Plasma and Serum Q9S, the 2 5 per cent TCA precipitate 
was removed after 5 hours Sera Q9S and Iv3S were deproteinned 2 hours. Serum 
134, I hour, after coagulation began Plasma K3S was defibnnated b} whipping 
for a minute and the serum deprotemizcd at once 

Values are m mg per cent of a amino X and are axerages of duplicates 



1 

Sample 

Picnc aad! 
filtrate 
Free a 
amino V 

Tanotic 

aad 

filtrate 

Total 

2 A TCA 
filtrate 
Total 

4 per cent 
TCA 
filtrate 
Total 

Q9S 

Plasma, heparinized at once 


4 17 

5 21 

4 85 


" “ after 15 min 



6 22 



Serum 


4 96 

6 24 

5 74 

134 

Plasma, heparinized at once 

4 16 


5 07 



“ “ after 5 nun 



5 09 



“ " “ 15 " 



5 15 



Serum 

4 20 


5 99 


K3S 

Plasma 

4 or 


5 05 



| Serum bi defibrination 



5 84 



1 “ as usual 

4 16 


5 76 



analyzed, the filtrate formed during the first 6 hours was found to contain 
less total a-amino nitrogen (4 27 mg per cent) and that formed during the 
subsequent 12 hours more (4 60 mg per cent) than did a tungstic acid fil- 
trate (4 42 mg per cent) During the interval required to obtain adequate 
filtrate, proteolysis apparently occurred, so that the conjugated a-ammo 
nitrogen found would vary with the length of time allowed for ultrafiltra- 
tion Dialysates of normal plasma prepared according to Hamilton and 
Archibald (7) (with 3 to 4 hours of dialj sis) contained practically no con- 
jugated a-amino mtrogen, although serum again showed diffusible ammo 
acid conjugates (Table V), in this case without the_intervention of chemical 
reagents other than water 















Table TV 

Diffustbihly through Cellophane of Conjugated a-Amino Nitrogen of Various Filtrates 
of Plasma and Serum, Comparison of Dcprolemiztng Agents 


Values are id mg per cent of ct amino N and are averages of duplicates 



Tungstic acid 

Picric acid 

2.5 per cent 
trichloroacetic 
add 

Interval 
in contact 
with 
trichloro 
acetic 
acid 

Free 

Bound 

Free 

Bound 

Bound 

Bi 

differ 

ence* 

Bv 

dialy 

sisf 

By 

differ 

ence* 

d& 

si*t 

dlflcr 

ence* 

By 

dialy- 

sisf 



tp: 

■ ■ 


m§ 




hrx 

Plasma Q95 



wm 

3 67 

D 





“ Ml 



1 

3 99 

aa 





“ M4 


EH 


4 29 

m 





" MO 


0 15 

EH 

3 59 






“ M10 


0 24 

EE1 

4 23 

0 32 

0 28 




“ M12 


0 40 

0 35 

3 71 

0 63 





“ M14 


0 20 

0 42 

3 30 

0 30 

0 31 




“ Ml9t 




3 76 



0 98 

0 88 

2 

“ N22 

4 32 

0 30 

0 34 


0 33 


0 69 


2 

“ M8 

4 30 

0 09 





1 96 

1 67 

0 5 

“ MS 







0 67 

0 63 

5 

Serum MS 

4 41 

0 55 





2 03 

1 33 

5 

Plasma MiG 


0 23 


4 02 

0 3S 


1 05 

0 S9 

5 

Scrum MIG 




4 23 



1 92 

1 46 

5 

“ N20 




4 19 





2 


* The increase ina-amino nitrogen produced by acid hjdrolysis 
t The non diffusible total a-unino N, by exhaustive dialysis of filtrates 
t Carcinoma of pancreas, serum bilirubin 19 mg per cent, scrum alkaline phos- 
phatase 40 King units Sample obtained through the courtesy of D> C M Mac- 
kenzie 

Table V 

Dialyzablc Conjugated a- Amino Acid N of Plasma and Scr 


Direct dialjsis in the apparatus of Hamilton and Archibald (7) lues are mg 
per cent of a amino N and are averages of duplicates 


Sample 

Volume 
dial} zed 

Period of 
dialysis 

Free 

nr ammo N, 
picric acid 
filtrate 

Total 

a-amino N, 
dia lysate 

Coiyugated 
diffusible 
a -amino N 
(by differ 
ence) 


ml 

hrs 




Plnsmn POO 

3 

4 

3 74 

3 74 

0 00 

Serum L34 

3 i 

3 5 

4 20 

4 81 

0 61 

Plasma K3S 

2 

3 

4 07 

4 14 

0 07 

Serum K3S 

** 

3 

4 16 

4 93 


Plnsmn K35* 

3 

1 

3 i 

2 37 

2 89 

0 52 


* From a patient, age 3 jcars, 22 hours after burns covering 23 per cent of tho 
bodj surface Sample obtained through tho courtesy of Dr M A MclverandDr R 
D Johnson 
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EXPERIMENTAL 

Plasma was separated from v enous blood of fastrng persons and collected 
in a hepann -containing sywinge For the preparation of serum, blood vras 
centrifuged m a paraffined tube and the plasma separated and permitted 
to clot After 2 hours the serum was separated The heparin-containing 
plasma was also allowed to stand 2 hours before deprotemization when 
plasma and serum were bemg compared Ten normal donors are repre- 
sented m these experiments 

Procedures employed previously (1) were modified as follows Protein 
precipitates were separated by centrifugation, 15 and 30 minutes after 
addition of the precipitant in the case of picnc and tungstic acids, respec- 
tively, unless otherwise indicated The supernatant solutions were then 
filtered Hydrolyses were performed in sealed tubes in an oven for 24 
hours at 105° Corrections for the COi evolution from urea were calcu- 
lated on the basis of urea estimations (8) At the suggestion of Dr Hamil- 
ton, hydrazine sulfate was included m the 2 n lactic acid solution rather 
than in 0 5 n sodium hy droxide, in the manometnc estimation of a-amino 
nitrogen 

Picnc acid vras used for deprotemization according to the directions of 
Hamilton and Van Sly he (8) The removal of picnc acid before acid 
hydrolysis proved necessary Aliquots of filtrates were made to 0 2 js in 
hy drochlonc acid and extracted m a contmuous extractor for 4 hours with 
peroxide-free ether (this was twice the interval required to eliminate the 
color of picnc acid) The aqueous solutions were concentrated m tacuo 
to remove ether before hydrolysis Glutamine added to plasma was re- 
covered satisfactory as total a-amino nitrogen by' our procedures with all 
three protein precipitants 


DISCUSSION 

According to our interpretation the results desenbed here vitiate all 
evidence advanced heretofore for the normal or pathological presence of 
polypeptides m plasma In those investigations in which reliance has 
not been placed upon chemical deprotemizmg agents, serum was employed 
and dialysis penods were apparently prolonged (9, 10) We are investi- 
gating whether or not dialyzable, conjugated ammo acids are present in 
body fluids m disease, and how long they persist in plasma after the m- 
trav enous administration of partially hydrolyzed proteins 
The amin o acid conjugates of plasma which are soluble m tungstic and 
picnc acids have some of the properties of proteins and may be related to 
the globuhn-hhe matenal soluble in tnchloroacebc acid, observed in the 
unne of a number of patients (6) Proteins soluble in TCA were said 
to be present also in plasma With tungstic acid deprotemization at least, 
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the amount of conjugated ammo nitrogen found was reproducible but 
showed a considerable range of variation Tungstic acid filtrates have 
shown no turbidity upon bemg brought to 0 5 per cent with picnc acid or to 
0 25 m with TCA, suggesting that the fraction present m tungstic acid fil- 
trates was also present in the other two types of filtrates 

An early event in the clottmg of plasma appears to be the formation of 
ammo acid conjugates soluble m TCA, part diffusible through cellophane, 
part not diffusible Both of these moities may be products of proteolytic 
action upon plasma proteins Interestingly, the diffusible compounds 
were precipitated in deprotenuzation by tungstic acid The prevention 
of this event does not require the addition to plasma of an antiproteolytic 
agent (which hepann appears to be (11, 5)) smce oxalate also prevents the 
change (1) 

Analytical Implications — The foregomg observations have several impli- 
cations for the precise determination of non-protem nitrogen in biological 
material too obvious to require discussion 

The following procedure is proposed for the estimation of conjugated 
non-protem a-amino acids in fluids or tissues The material is immediately 
extracted with picnc or tnchloroacetic acid (at least m the case of serum (1) 
and of peptone (12), the latter is more inclusive) The filtrates are then 
acidified and extracted with ether to remove the deprotemizmg agent, 
concentrated m vacuo to remove ether, and aliquots dialyzed against a 
measured volume of water Aliquots of the dialysate are hydrolyzed by 
acid and the total diffusible a-amrno mtrogen determined The/rce a-amino 
mtrogen is determined promptly upon the onginal picnc acid filtrate, or 
upon the ether-extracted TCA filtrate This procedure attempts to elim- 
inate proteolytic action by removing most of the protein before dialysis is 
undertaken 1 For the analysis of plasma, blood should be drawn with a 
hepann-contammg synnge Dialysates prepared accordmg to Hamilton 
and Archibald (7) of plasma and other fluids are suitable for exammation 
for conjugated ammo acids, except that, m case of a positive finding, pro- 
teolytic action during dialysis must be ruled out Thus it is not known 
whether the plasma of the burned patient of Table V contained peptides or 
increased proteolytic activity 


SUMMARY 

Filtrates of plasma by tungstic acid contain reproducible amounts of 
conj igated a-amino acids The amounts were not varied by storing the 

1 Further application of these procedures has indicated that the plasma of nor- 
mal persons contains dialjzable ammo acid conjugates at some times and not at 
others Non dialj zable conjugates probably cannot account for all of the high 
concentrations of conjugates observed in some tungstic ncid filtrates in our earlier 
communication (1) 
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plasma 3 to 5 hours or by se\ eral hours contact with the precipitant This 
constancy is taken as evidence that proteolysis during handling does not 
contribute appreciably to the total a-amino nitrogen found 

2 Plasma filtrates by tungstic, picric, and trichloroacetic acids con- 
tained increasing amounts of conjugated ammo acids in the order named 

3 Filtrates of plasma by tungstic, trichloroacetic, and picnc acids con- 
tamed appreciable amounts of conjugates not diffusible through cello- 
phane These substances accounted, in several cases, for all of the con- 
jugated ammo acids of plasma Hence deprotemization by these agents 
cannot be relied upon for the determination of plasma peptides 

4 The conjugated a-amino nitrogen of trichloroacetic acid filtrates of 
plasma decreased with increase of the interval between addition of the 
precipitant and removal of the precipitate, for 2 to 8 hours with 2 5 per 
cent trichloroacetic acid and for an hour with 4 per cent 

5 The clottmg of plasma produced increases m the conjugated a-ammo 
acids of trichloroacetic acid filtrates The increase was observed in some 
cases before coagulation was evident, and was not dependent upon contact 
between serum and fibrin The increases v,ere not significantly modified 
by vaiying the time mten al for deprotemization or the strength of the 
trichloroacetic acid Of the extra conjugated cr-amino nitrogen m the 
filtrates about half was diffusible through cellophane Brief dialysis of 
serum itself also demonstrated diffusible ammo acid combinations Thus 
serum, in contrast to plasma, contained considerable concentrations of 
conjugated, dialyzable, a-amino acids 

Technical assistance was rendered by Ann S Christensen and Paul 
Femmore Cooper, Jr 
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THE INACTIVATION OF DIETHYLSTELBESTROL IN VITRO 
Br HELEN ZEMMERBERG 

(From the Department of Physiology and Pharmacology, Du! e University 
School of Medicine, Durham, North Carolina) 

(Received for publication, June 10, 1946) 

Heller (1) has reported that estrone and estradiol are inactivated by 
hi er slices and hi er mince Zondek el al (2) confirmed this result and also 
demonstrated that estrone is innctiiated more rapidly than stilbestrol 
In his nork mth estradiol Heller has shoivn that oxidation, and not con- 
jugation, is responsible for the loss of biological actintj Bemheim and 
Bemheim (3) hai e obsen ed that phenol is mactii ated by guinea pig hi er 
shces and that both conjugation and oxidation are responsible Using 
hier shces from one strain of rats, DeMeio and Amolt (4) found that 
conjugation of phenol could take place mth either sulfunc or glucuronic 
acid The results obtained bj these aorkers suggested the possibility 
that stilbestrol might be oxidized or conjugated, and therefore its inactna- 
tion bi rat hi er shces in n Iro ivas studied in detail 

EXPERIMENT 41, 

Rat hier shces were used m most of the experiments Thej ivere 
suspended in Krebs’ bicarbonate solution iihich was saturated mth a 
95 per cent 0*-5 per cent CO; gas mixture The experiments were earned 
out m this atmosphere mth the shces suspended m 4 0 cc of solution m 50 
cc Erlenmej er flasks and shaken at 37° 10 mg of diethylstilbestrol were 

rubbed into a paste mth 0 15 cc of 10 per cent NaOH 2 cc of water were 
then added and the suspension stirred until all of the material was in solu- 
tion The solution i\ as made up to 9 cc , 4 x HC1 n ere added until a faint 
cloudiness resulted, and finalli it uas made up to 10 cc 

Stilbestrol nas added to the flasks just before they a ere put in the bath 
Experiments were set up in dupheate mth controls to which no stilbestrol 
nas added and controls to which stilbestrol nas added at the end of the 
incubation penod 1 cc of 20 per cent trichloroacetic acid was added to 
all the i essels and allon ed to act for 10 minutes, and then 4 cc of 95 per 
cent ethjl alcohol were added 'Without the alcohol it is impossible to 
recoier the stilbestrol, for it is readilv adsorbed on the shces After 10 
minutes in alcohol the solution was decanted, centrifuged, and the stil- 
bestrol remaining in the liquid estimated bj the Tubis and Bloom (5) 
modification of the Fohn and Ciocalteu method (6) When stilbestrol 
was added at the end of the incubation penod to unboiled tissue, 98 to 100 
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per cent was recovered The same recovery was obtained when stilbestrol 
was incubated with boiled tissue The accuracy of the estimation is within 
5 per cent 

In Tables I to III the “Amount added” represents the amount recovered 
from those vessels to which the stilbestrol was added at the end of the 
incubation period This eliminates errors in decanting For the hydroly- 
sis the centrifugate was divided into thirds One part was analyzed as 
such To another 0 3 cc of concentrated HC1 was added and the solution 
autoclaved for 15 minutes at 24 pounds pressure To the third part 0 3 
cc of concentrated HC1 was added and the solution placed m a boiling 
■water bath for 30 minutes Both portions were neutralized with NaOH 
and the solutions transferred to 100 cc volumetric flasks with two washings 
of 1 cc 95 per cent ethyl alcohol each The stilbestrol was then estimated 
in each of the three parts 

There is some loss of free stilbestrol on autoclaving and boiling, and to 
take this factor into account the centrifugate from the vessels to which 
stilbestrol was added after the incubation period was always autoclaved 
(or boiled) at the same time and under the same conditions as the experi- 
mental tubes When the solution is autoclaved for 1 hour instead of 15 
minutes, the percentage conjugation remains the same Therefore, the 
assumption seems justified that the conjugated stilbestrol is rapidly hydro- 
lyzed and that the loss m the experimental tubes is the same as m the con- 
trol The amount of stilbestrol left m these control tubes is considered 
the amount added for those parts of the experiment m which these tech- 
niques are used 

Under the conditions of the experiments, half of the stilbestrol disappears 
rapidly when added to hver shoes, but never more than this This value 
is constant when 0 05 to 0 4 mg of stilbestrol is incubated with 300 to 600 
mg of tissue slices and reaches its maximum durmg the first half-hour 
With 150 mg of tissue, the maximum is reached m 3 hours These results 
are shown m Table I and Fig 1 

The color developed m the estimation of stilbestrol represents the action 
of both the hydroxyl groups, smce both are equally capable of reducing the 
reagent Therefore, it seems likely that the apparent disappearance of 
no more than 50 per cent of the added stilbestrol means that, although all 
the molecules react, only one of the hydroxyl groups per molecule takes 
part in the reaction 

The disappearance of the stilbestrol might be the result of oxidation or 
conjugation If conjugation occurs, the stilbestrol should be recovered 
after autoclaving, and this happens when the concentration of stilbestrol 
is small (up to 0 2 mg per 4 0 cc , see Table II) With larger amounts, the 
proportion vhich is recoverable decreases, although the percentage dis- 
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Table I 


Effect of Various Conditions on Disappearance of Stilbcstrol 


Tissue slices 

Time c! incubation 

Amount added 

Amount recovered 

Disappeared 

nr 

hrs 

nr 

nr 

fer esri 

150 

0 5 

0 3S5 

0 296 

22 

150 

3 0 

0 100 

0 050 

50 

150 

3 0 

0 390 

0 192 

51 

300 

0 5 

0 109 

0 053 | 

50 

300 

0 5 

0 36S 

0 193 

4S 

300 

3 0 

0 049 

0 023 

53 

300 

3 0 

0 197 

0 100 

49 

300 

3 0 

0 410 

0 223 

46 

600 

3 0 

0 13S 

0 070 

49 

600 

3 0 

0 394 

0 200 

49 



Fig 1 The disappearance of 0 39 mg of stdbestrol incubated with 160 mg of rat 
liver shoes at 37 t> The tissue controls have been subtracted 


appearance does not change This suggests that there is a limit to the 
amount of stdbestrol which can be conjugated, and that another mecha- 
nism, probably oxidation, is available under these conditions 
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It has been shown that phenol can be conjugated with sulfuric or glucu- 
ronic acids The sulfate esters are readily hydrolyzed by boiling, but the 
glucuronates require autoclaving Under the conditions described above, 
about half of the stilbestrol which disappears can be recovered on boiling 
(see Table II) and the other half after autoclaving If, however, the liver 
slices are suspended in Ringer’s solution m which the MgSCh is replaced by 
MgCls, the amount which can be hydrolyzed by boiling is veiy much 
smaller This small amount probably represents the use of sulfate already 


Table II 


Effect of Concentration of Stilbestrol on Percentage Conjugated by 160 Mg (IVeJ Weight) 
of Rat Liver Slices Incubated S Hours at S7° 


The contents of each vessel were divided into three equal parts Therefore, 
Column 1 represents one-third of the total amount added and Columns 4 and 7 show 
the loss due to autoclaving and boiling respectively The tissue controls have been 
subtracted 


Amount 

added 

Amount 

recovered 

Disap- 

peared* 

(control) 

Amount 

added 

(auto 

claved) 

Amount 
recovered 
after auto 
clav ing 

Conju 

gatedf 

Amount 

added 

(boiled) 

Amount 

recovered 

after 

boiling 

Conju 

gatedf 

(O 

(2) 

(3) 

(4) 

(5) 

(<S) 

(7) 

(8) 

(9) 

ms 

ms 

Per cent 

mg 

ms 

per cent 

ms 

ms 

per cent 


O 044 

43 

0 071 


91 

0 071 

0 053 

42 



39 

0 083 


69 

0 078 

0 058 

33 



40 

0 105 


52 

0 112 

0 081 

30 

0 140 


41 

0 12G 

0 095 

39 

0 121 

0 081 

15 


* Per cent disappeared = 100 — (amount recovered)/(amount added) X 100 


t Percentconjugated = 


(% disappeared in control) — {% disappeared on 
autoclaving) 

% disappeared m control 


present in the slices (see Table III) At the same time the amount hydro- 
lyzed by autoclaving is decreased, although conjugation is still taking place 
to a considerable extent Since part of the conjugation requires the 
presence of sulfate, it can be concluded that a sulfate ester is formed The 
part that does not require sulfate and which requires autoclaving for the 
recoi cry of the free stilbestrol may be a glucuronate ester 

The lelationship of the w eight of slices used in each vessel to the con- 
jugation was studied and it was found that with 0 1 mg of stilbestiol the 
per cent conjugated was the same for 150, 300, and 600 mg of tissue slices 
This was also true when 0 4 mg was used However, as shown by Table I, 
the time required for completion of the reaction is decreased as the weight 
of the tissue slices increases 

Kidney slices cause little or no disappearance of stilbestrol When there 
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is some disappearance there is no evidence of conjugation 98 per cent of 
the stilbestrol incubated with boiled h\ er slices or with cyanide is recov ered 
The results indicate that the mechanisms responsible for the disappearance 
are thermolabile and are inhibited bj cyanide 

Lner suspensions were studied in order to determine whether conjuga- 
tion w ould occur m broken cells It has been reported (2) that hver sus- 
pensions inactivate SO per cent of the added stilbestrol, estimated by its 
biological activity To prepare the suspensions G gm of rat hi er were cut 

Tvble III 

Effect of Presence Or Absence of Sulfate Ion on Amount of Stilbestrol Conjugated 
0.25 mg of stilbestrol was incubated with 160 mg of rat h\ er slices for 3 hours at 
37° The contents of each vessel were divided into three equal parts Therefore 
Column 1 represents one third of the total amount added and Columns 4 and 7 
show the loss due to autoclaving and boiling respective]} The tissue controls have 
been subtracted 


Amount 

added 

Amount 

reco\ 

ered 

Disajv 

pexred 

Amount 

added 

(auto^ 

dived) 

Amount 
recovered 
after 
auto 
da vin£ 

Conju 

Extedf 

Amount 

added 

(boiled) 

Amount 

recov 

ered 

after 

boiling; 

Conjagxtedf 

0) 

(2) 

O) 

(O 

(S) 

m 

0) 

(!) 


m 

"f 

rtf 

percent 

rtf 

rtf 

Percent 

rtf 

rtf 

per cent 



0 054 

35 

o on 

0 054 

34 

0 074 

0 04S 

7 

Xo sulfate 


o ws 

42 

0 0GS 

0 051 

36 

0 070 

0 046 

14 



0 057 

31 

0 070 

0 056 

35 

0 072 

0 050 

0 



0 044 

43 

0 071 

0 06S 

91 

0 071 

0 053 

42 

Sulfate 


0 053 

35 

0 0S2J 

0 0S4 

100 

0 OSOJ 

0 062 

37 



* See foot-note to Table II 
t See foot note to Table II 

t In this particular sample there was no destruction of the stilbestrol after auto- 
claving or b oiling In all other experiments the destruction of stilbestrol with or 
without sulfate varied between 10 and 15 per cent 

into small pieces, added to 35 cc of Ringer-bicarbonate solution previous!} 
saturated with 95 per cent Oc-5 per cent CO; gas mixture, and ground m a 
Waring blendor for 30 seconds 4 cc of the resulting suspension were used 
m each vessel and the appropriate amount of stilbestrol added to the 
experimental vessels The same types of controls were set up for the 
suspension as for shces The results can be summarized as follows After 
3 hours incubation with 0 3 mg of stilbestrol 32 to 48 per cent had disap- 
peared and after autoclaving none could be recov ered Therefore, intact 
cells are necessary for conjugation, although oxidation can occur in broken 
cells 
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DISCUSSION 

Heller has observed no conjugation of estradiol by liver slices or liver 
mince In the present experiments it has been shown that conjugation is 
the preferred method of inactivating stilbestrol It apparently is oxidized 
only when the hver cannot handle it by conjugation With a strain of 
rats found by Bemheim and Bernheim to give no conjugation of phenol 
with glucuronic acid, these experiments have shown that stilbestrol is 
conjugated by sulfuric and probably also glucuromc acid, and that these 
two are utilized equally 

Heller found that cyanide was the only poison of the large number he 
studied which inhibited the inactivation of estradiol This observation 
on the action of cyanide has been confirmed in these experiments with 
stilbestrol The absence of conjugation as well as oxidation m the presence 
of cyanide indicates the need of a coupled reaction that will provide the 
energy for the formation of the conjugate This may be an explanation 
for the inability of broken cells to conjugate stilbestrol 

SUMMARY 

1 Stilbestrol disappears when added to rat hver shces m Ringer-bicar- 
bonate solution shaken at 37° m 95 per cent C0 2 -5 per cent 0» 

2 The stilbestrol that disappears is either conjugated or oxidized, the 
amount of each depending upon the concentration of stilbestrol Appar- 
ently only one of the two hydroxyl groups is attacked 

3 Thermolabile enzyme systems sensitive to cyanide are responsible 
for the conjugation and oxidation of stilbestrol 

4 The conjugation can take place with sulfuric or another, probably 
glucuronic, acid, dependmg upon which is available 

5 Intact cells are necessary for conjugation but not for oxidation 
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In the use of diets containing mixtures of amino acids in place of pro- 
teins one is frequently confronted with the necessity of employing synthetic 
ammo acids, smce the latter may be more readily available than the opti- 
cally active forms which occur in proteins Therefore, it becomes of 
considerable practical importance, as well as of theoretical interest, to 
determine the relative av a liability in the animal organism of the enantio- 
morphs of the essential ammo acids 

Du Vigneaud cl al (9) and Berg (1) have shown that the optical isomers 
of tryptophane possess equal nutritive value for the rat This is true also 
of histidine, except that the dextrorotatory' form appears to be slightly less 
effective than the naturally occurring Z(— ) type (Cox and Berg (2)) 
Jackson and Block (4) have reported that both Z(— )- and rf(+)-methiomne 
successfully supplement diets low in methionine and cystine This conclu- 
sion has been confirmed in unpublished experiments m this laboratory 
under conditions which preclude the presence of more than minute traces 
of either cystine or methionine m the basal ration 

The present paper 1 is concerned with a comparison of the growth effects 
of Z( — )- and <f(+)-phenylalanine, and with a semiquantitative estimate of 
the minimum amount of this ammo acid w hich is capable of inducing opti- 
mum increases in weight 


EXPERIMENTAL 

Weanling rats served as the experimental subjects throughout These 
were housed in individual cages and w ere permitted to consume the food ad 
libitum All ammo acids were purified until they yielded correct analytical 
v alues 

In the first experiments the nitrogen of the basal diet was denv ed from a 

* Aided bj grants from the Rockefeller Foundation and the Graduate School 
Research Fund of the University of Illinois 

1 The publication of this and a number of other papers on the metabolism and 
nutritive r6Ie of ammo acids and related compounds has been delayed bj additional 
duties devolving upon the senior author as a result of the war 
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mixture of amino acids (Mixture XVI-b, Table I) which was devoid of 
phenylalanine, tyrosine, and threonine The natural isomer of the latter 
was added to the diet separately As will be observed from Table I, when 
racemic acids were used in Mixture XVI-b the quantities v ere doubled m 
order to allow for the unnatural enantiomorphs The basal diet (Diet 1, 


Table I 

Composition of Ammo Acid Mixtures 



Mixture XVI b 

k Mixture XX b 

Physiologi tally 
active 

As used 

Physiologically , 
active 

As used 


gm 

mm i 

gm 

gm 

Glycine 

0 so 

Wmm 

0 1 

0 1 

Alanine 

1 90 


0 2 

0 4* 

Serine 

0 50 

1 00* 

0 1 

0 2* 

Valine 

8 00 

16 00* 

1 0 

2 0* 

Leucine 

9 00 

18 00* 

1 3 

2 6* 

Isoleucine 

4 00 

8 00* 

0 9 

1 8* 

Cystine 

1 25 

1 25 

0 2 

0 2 

Methionine 

1 75 

3 50* 

0 6 

0 6* 

Threonine 

0 

0 

0 7 

1 4* 

Proline 

2 00 

2 00 

0 2 

0 2 

Hydroxyproline 

0 30 

0 30 

0 1 

0 1 

Tryptophane 

2 25 

2 25 

0 4 

0 4 

Aspartic acid 

4 10 

4 10 

0 2 

0 2 

Glutamic 11 

22 00 

22 00 

2 0 

2 0 

Lysine 

7 70 


1 5 


“ monohydrochloride 


19 25* 


1 9 

Histidine 

3 70 


0 5 


“ monohydrochloride 





monohydrate 


5 00 


0 7 

Arginine 

5 25 


0 5 


“ monohydrochloride 


6 35 


0 6 

Sodium bicarbonate 


13 3S 


1 3 


74 20 

126 6Sf 

10 5 

16 7 


* Racemic acids 

t 1 707 gm of Mixture XVI b contained 1 0 gm of natural amino acids 


Table II) contained 18 per cent of natural ammo acids, including threomne 
When one of the antipodes of phenylalanine was included m the ration, the 
quantity of active ammo acids was maintained at 18 per cent by an appro- 
priate reduction in the amount of Mixture XVI-b With this diet, the 
■vitamin B factors were supplied by two pills v’hich were fed separately to 
each animal daily Each pill contained 75 mg of a commercial vitamin 
concentrate (c/ Table II) 
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The optical isomers of phenylalanine were prepared by resolution of dl- 
pheny lalarune through the brucme salt of the formyl denvatne according 
to the du Vigncaud and Mey er (8) modification of the Fischer and Schoeller 
(3) procedure The d(+)-pheny lalanme thus prepared showed a rotation 
m aqueous solution of [a]„ = +34 8° The -values reported by du Vi- 
gneaud and Meyer (8) and Fischer and Schoeller (3) are +33 5° and +35 1° 


Table II 

Composition of Basal Diets * 



Diet 1 

Diet 2 


im 

trt 

Amino acid Mixture XVI b 

29 6 


“ “ *' XX b 


16 7 

Threonine f 

0 7 


Dextrin 

17 8 

31 3 

Sucrose 

15 0 

15 0 

Salt mixture! 

4 0 

4 0 

Agar 

2 0 

2 0 

Lard 

26 0 

26 0 

Cod liver oil 

5 0 

5 0 


100 0 

100 0 


* Diet 1 contained IS per cent of natural ammo acids and Diet 2 10 5 per cent of 
physiologically active ammo acids In the experiments involving the use of Diet 1, 
the vitamin B factors were furnished m the form of two pills daily , each containing 
75 mg of Vitab Products "Vitamin B complex liquid, type II ” In the experiments 
in which Diet 2 was used, the water soluble vitamins were supplied in two pills 
daily, each containing either 75 mg of milk concentrate and 50 mg of tikitiki extract, 
or 10 y of thiamine hydrochloride, 20 y of nboflavin, 10 y of nicotinic acid, 10 y of 
pyndoxine hydrochloride, 50 y of calcium d pantothenate, 5 mg of choline chloride, 
1 5 mg of p ammobenzoic acid, 5 mg of inositol, 25 mg of wheat germ oil, and 
12 5 mg of Wilson’s “liver powder 1 20 ” No differences were observed m the 
growth effects of the two types of vitamin supplements 
t Natural threonine from blood fibrin 
I Osborne and Mendel (5) 

respectively The l(— )-pheny!a Ianm e had a rotation in water of [a]? = 
—344°, as compared to a value of —35 1° given by Fischer and Schoeller 
(3) Both optical isomers yielded correct data on analysis 
The effects upon growth brought about by the supplementation of Diet 
1 with /(— )- and d(+)-phenylalanme were tested in two fitters of rats, and 
the results are s ummar ized m Table III The growth curv es of one fitter 
are shown in Chart I When these experiments were undertaken, no infor- 
mation was available as to the percentage of dietary phenylalanine which 
is necessary to induce satisfactory growth For the first 8 days, 0 5 per 
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cent of each isomer was used This proved to be inadequate, although the 
losses in weight were less severe than m the controls (Rats 2623 and 2629, 
Table III) which were deprived of phenylalanine Thereafter, the level 
of phenylalanine was raised to 1 0 per cent, and growth ensued immediate^ 
It will be observed that the subjects which received the d(+-)-phenylalamne 
grew quite satisfactorily, although the total gams were not quite so large as 

Table III 


Comparative Growth Effects of l(-)- and d (+) -Phenylalanine 


Litter 

No 

Rat No 
and sex 

Days 

Change 
in body 
weight 

Food 

intake 

Supplements added to Diet 1 




in 

im 


i 

2619 cf> 

8 

-3 

24 

0 5% l (— ) -phenylalanine 



28 

+42 

141 

1 0% 


2620 9 

8 

-2 

23 

0 5% 



28 

+38 

154* 

1 0% 


2621 o' 

8 

-3 

26 

0 5% d(+)-phenylalanme 



28 

+31 

143 

1 0% 


2623 9 

8 

-11 

15 

None 



28 


61 

Cl 

2 

2624 o' 

8 

+1 

31 

0 5% l (— ) -phenylalanine 



28 

+43 

158 

1 0% 


2625 9 

8 

-2 

27 

0 5% 



28 

+38 

158* 

1 0% 


2626 d" 

8 

-2 

20 

0 5% d(+)-phenylalanme 



28 

+35 

123 

1 0% 


2627 9 

8 

-2 

25 

0 5% 



28 

+34 

121 

1 0% 


2628 9 

8 

-2 

24 

0 5% 



28 

+29 

117 

1 0% 


2629 9 

8 

-11 

15 

None 



28 

~ 7 

64 

(( 


* The animal scattered food, the recorded intake is probably too high 


m the animals which received the l ( — ) -phenylalanine Whether the differ- 
ences are significant is not clear In any event, a large proportion of the 
d(+) -phenylalanine was utilized for growth purposes, and must have under- 
gone inversion m the organism 

In order to obtain further information concerning the relative effective- 
ness of the two isomeric modifications of phenylalanine, a second series of 
experiments was undertaken m which dl- and Z(— )-phenylalamne were 
administered at several levels In the meantime, amino acid Mixture XX-b 
had been developed m this laboratory and used successfully in a large num- 
ber of tests In this mixture (Table I) the proportion of di-methionine 
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RELATION OF d{+)- AND !(-)- 
PHENYLALANINE TO GROWTH 

Rats 2624-2625 

l(-) -Phenylalanine 
Rats 2626-2628 

d(+)-Fhenylalanlne 
Rat 2629 No phenylalanine 

Arrows Indicate points at 
which phenylalanine was in- 
creased fron 0 5 f. to 1 0 4. 


2624 rf (56) 

2625 S (54) 


2626 <f j (54) 

2627 7 ^(56) 

2628 1 (50) 

2629 e (54) 


10 cays -i 


Chabt I The ntunbers in parentheses denote the initial and final weights of the 
rats 

was not doubled over the desired amount of the natural isomer since, as 
indicated above, both forms are readily utilized by the rat Invariably, 
the diets m the second senes of tests contained 16 7 per cent of Mixture 
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XX-b This furnished 10 5 per cent of physiologically active ammo acids 
The make-up of the basal ration (Diet 2) is shown in Table II When dl- 
or Z(— )-phenylaIamne was included in the food it leplaced an equal weight 
of dextrin The slight variation m nitrogen content of the diets thereby 
resulting was without influence upon the giovth rates Two types of 
vitamin supplements (c/ Table II) wei e employed in the experiments in- 
volving the use of Diet 2, but no differences in grow tli attributable to this 
variable could be detected 

The plan was to vaiy the percentage of dl- and Z(— )-phenylalamne m the 
diet, and thereby determine approximately the minimum level of each 
which would induce maximum growth Obviousljq if both optical isomers 
are equally available m the organism the amount of dZ-phenylalamne found 

Table IV 


Comparative Growth Effects of dl- and l(-) -Phenylalanine at Different Dietary Levels 
The experiments covered 28 days each The figures in parentheses represent the 
number of animals 



Dietary phenylah 
nine, per cent 

os 

06 

D 

08 

09 

10 

12 



gm 

gm 

gm 

gm 

rm 

gm 

gm 

dl -Phenyl- 

Males 


(5) 

(8) 

(12) 

(4) 

(9) 

(2) 

alanine 

Average cam 


24 0 

40 1 

49 2 

55 0 

64 8 

41 5 


Females 


(4) 

(9) 

(13) 

(4) 

(4) 

(1) 


Average gain 


21 3 

34 2 

38 0 

54 8 

47 8 

39 0 


Both sexes 


(9) 

(17) 

(25) 

(8) 

(13) 

(3) 


Averaco cam 


23 0 

37 0 

43 4 

54 9 

52 6 

40 7 

l{— )-Phenyf- 

Both sexes 

(3) 

(6) 

(12) 

(9) 

(7) 



alanine 

Average gam 

20 7 

29 3 

37 3 

45 1 

53 1 




necessary for maximum increases m weight should not exceed the require- 
ment of Z(— )-phenylalanme Since the experiments with Z(— ^phenylala- 
nine described above showed that 0 5 per cent was insufficient and that 1 0 
per cent permitted satisfactory growth, the levels used m the present tests 
were kept, for the most part, within these limits In each test the period 
of growth vxis 28 days 

Experiments of this nature were made on 112 animals Of these, 75 
received eZZ-phenylalanme and thirty-seven Z(— )-phenylalamne In order 
to conserve space, the average total gams only are presented These are 
summarized m Table IV With dZ-phenylalamne the results are shown for 
each sex separately and for both sexes With Z(— )-phenylalamne the 
smaller number of animals does not warrant a division according to sex, 
although to make such a division would not alter the findings 
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An inspection of the data reveals the fact that the minimum lei el of 
cff-phenv lalamne capable of inducing maximum growth is 0 9 per cent 
This is true whether one considers the males onh , the females onlj , or both 
sexes Higher percentages are certainly no better, and actualh appear to 
exert some mlubition in grow th Howe\ er, with respect to the latter pos- 
sibility, one should not o\ erlook the fact that the number of animals on the 
highest level (1 2 per cent) was v erv small 

In the tests with /(— )-phenj lalamne, each increment up to 0 9 per cent 
led to an improv ement in growth Unfortunatelv , higher percentages of 
this modification w ere not tested, but probablj one is w arranted m assuming 
that 0 9 per cent is the optimum le\ el, for to conclude otherwise w ould rrnplj 
that the natural isomer is less efficient than the racemic compound The 
onh obvious factor which might invalidate the latter concept is the rather 
remote possibility that d(+)-phen\ lalamne, m the concentrations em- 
ploj ed, is toxic, and that the effects observed with dl-phenv lalamne repre- 
sent summations of the growth-stimulating and growth-inhibiting activities 
of the two optical isomers We expect to look into this possibility at a later 
date In the meantime, for practical feeding purposes and within the 
limits of accuracv of the methods employed, it appears that cff-phenv Iala- 
mne (and therefore d(+)-phenj lalamne) is almost, if not quite, as well 
utilized bj the rat for growth purposes as is l (— )-phenj lalamne This is 
fortunate, since the latter is one of the more difficult ammo acids to isolate 
m pure form from proteins 

A by-product of this investigation is the establishment of an approximate 
minimum lev el of dietarv phenj lalamne for the growing rat Sev eral j ears 
ago a table summarizing the evidence then av affable concerning the mini- 
mum levels of all of the indispensable ammo acids was published bv the 
senior author (Rose (6, 7)) At that time, emphasis was placed on the 
“stnctlj tentativ e” nature of the v alues, and the reader was reminded that 
“factors such as the proportion of fat and carbohj drate m the ration, and 
the age, weight and sex of the subjects may play important r61es m deter- 
mining the minimum lev el of a giv en component ” Despite these pre- 
cautions, the data hav e been misinterpreted and incorrectly applied on more 
than one occasion For this reason, we wash to emphasize anew that at 
best such minima are approxvmalions onlj, albeit useful for manv expen- 
mental purposes It should be unnecessary to state that minima are appli- 
cable only to the species m which they are determined, in this case the rat 
Their tentative nature is illustrated bv the fact that ongmallv (Rose (6)) 
the minimum level of phenj lalamne was placed at 0 7 per cent of the diet 
This was based on tests m a relativ ely small number of animals The v alue 
is now revised upward to 0 9 per cent R evasions affecting other ammo 
acids may become necessary Finally, minima ordinanlj hav e been estab- 
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lislied “when hberal quantities of the non-essential amino acids were 
furnished ” This is necessary in order to avoid the “use of the indispen- 
sable ammo acids for the manufacture of the dispensable group ” In the 
case of methionine, the tests were conducted with a diet devoid of cystine, 
since approximately one-sixth of the methionine requirement for growth 
can be met by cystine (c/ Womack and Rose (10)) In the present study 
the diets were devoid of tyrosine In a subsequent paper we shall show the 
extent to which the presence of tyrosine m the food reduces the phenylala- 
nine requirement 


SUMMARY 

Feeding experiments m which the basal diet was devoid of phenylalanine 
and tyrosine have shown that, in the rat, supplementation of the food with 
d(+)-phenylalamne induces growth which is almost, if not quite, as satis- 
factory as when Z(— )-phenylalanme is the supplement This finding has 
been confirmed by feeding dl- and f(— )-phenylalamne, at varying dietary 
levels, to a relatively large number of animals The requirement for 
maximum gams was not detectably greater m the case of the racemic com- 
pound than when the natural isomer was used 
Under the conditions specified, and when hberal amounts of the non- 
essential ammo acids, other than tyrosine, and all of the essentials are in- 
cluded m the food, the minimum level of dietary phenylalanine which is 
capable of mducmg maximum increases in weight is approximately 0 9 
per cent 


BIBLIOGRAPHY 

1 Berg, C P , J Biol Chem , 104, 373 (1934) 

2 Cox, G J , and Berg, CP,/ Biol Chem , 107, 497 (1934) 

3 Fischer, E , and Schoeller, W , Ann Chem , 367, 1 (1907) 

4 Jackson, R W , and Block, R J , J Biol Chem , 122, 425 (1937-38) 

5 Osborne, T B , and Mendel, LB,/ Biol Chem , 37, 572 (1919) 

6 Rose, W C , Science, 86, 298 (1937) 

7 Rose, W C , Proc Inst Med Chicago, 12, 98 (1938) 

8 du Vigncaud, V , and Meyer, C E , / Biol Chem , 98, 295 (1932) 

9 du Vigncaud, V , Sealock, R R , and Van Etten, C , / Biol Chem , 98, 565 

(1932) 

10 Womack, M , and Rose, W C , / Biol Chem , 141, 375 (1941) 



THE INTERRELATIONSHIP OF DIETARY, SERUM, WHITE 
BLOOD CELL, AND TOTAL BODY ASCORBIC ACID 

Br OLIVER H LOWRY, OTTO A BESSEY, MARY JANE BROCK, em> 
JEANNE A LOPEZ 

(From the Dmeton of Nutrition and Physiology, The Public Health Research Institute 
of the City of New Yor ! , Inc , New Yorl ) 

(Received for publication, June 2S, 1946) 

The white blood cells are living, actively metabolizing cells which are 
accessible for analysis If the ascorbic acid concentration of these cells 
could be shown to be a valid index of the ascorbic acid level of the body 
as a whole, white cell assays should be a valuable means of determining 
the status of the individual in regard to this vitamin The analysis of 
blood or urrne yields information which is of value chiefly if it may be 
interpreted in terms of function of the organism, or m terms of the tissue 
concentrations on which functional activity surety depends The estab- 
lishment of the interrelationships among serum, urrne, white cell, and 
tissue concentrations should enhance the value of existing ascorbic acid 
data on serum and urine 

Stephens and Hawley (1) and Butler and Cushman (2) found that white 
blood cells and blood platelets are rich in ascorbic acid m normal persons 
The latter investigators found the level very low m scorbutic patients 
(White blood cells and platelets contain essentially the same concentration 
of ascorbic acid and are usually measured together They will be referred 
to collectively, hereinafter, as white cells ) Crandon et al (3) observed 
that on an ascorbic acid-free diet the serum level of the vitamin fell almost 
to zero, after which the white cell level slowly fell and approached zero at 
the time frank signs of scurvy appeared These data have created the 
impression that the white cells, and hence presumably the other tissues, 
contain undimimsh ed amounts of the vit amin as long as ascorbic acid is 
demonstrable in the serum Pijoan and Lozner (4) have presented data 
in support of this conclusion Such data do not, however, concur with the 
repeated observation that considerable amounts of ascorbic acid may be 
retamed (in a load test) by persons with low but definite serum ascorbic 
acid concentrations (5) 

Clearly more information on the relationship between mtake and serum 
and white cell levels is desirable 

An exceptional opportunity for making the desired comparison was 
offered by an experiment conducted by the Royal Canadian Air Force 
Over 100 vigorous RCAF personnel were maintained for 8 months on 
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controlled ascorbic acid intakes Monthly serum ascorbic acid determina- 
tions w ere made by the primary investigators Group Captain Fredenck 
F Tisdall very landly invited this laboratory to obtam blood samples from 
these subjects foi determination of white cells and serum ascorbic acid The 
development of a rapid piocedure for measuring white cell ascorbic acid 
concentrations on finger blood (0 1 ml ) made such determinations feasible 1 

In addition to observing the effect of different ascorbic acid intakes on 
the serum and white cell concentiations, the extent of the tissue depletion 
v as measured by deteimming the amount of ascorbic acid necessary to 
restore the concentration m the white cell and m the body as a w hole to 
maximal values These measurements permitted an evaluation of the 
white cell as an mde\ of the total ascorbic acid m the body 

Materials and Methods 

The details of the RCAF experiment have been described by Linghome 
etal (6) In brief, the pei sonnel were divided into four groups Group I 
retened a palatable basal diet which was repeatedly shown by analysis 
to contain an average of 8 mg of ascorbic acid per day Group II received 
the same diet plus a raw cabbage supplement containing (by analysis) 15 
mg of ascorbic acid (a\ erage total 23 mg ) Group III received the basal 
diet plus 70 mg per dai r of synthetic ascoibic acid (total 78 mg ) Group 
IV recen ed the regular station ration which furnished an average of 78 mg 
of ascoibic acid per day 

Ascorbic acid was measured in duplicate on (a) 10 c mm serum samples 
(7), ( b ) the white blood cells plus platelets obtained from 0 1 ml of blood, 1 
and (c) 0 025 to 0 1 ml aliquots of 24 hour urine specimens The procedure 
for urine was essentially the same as that used for serum except that larger 
volumes were emploj r ed The white cell method has since been improved 
and is reported elsew here 1 

Results 

Groups I and II receiving 8 and 23 mg of ascorbic acid per day had 
average white blood cell values only about half as great as did Groups 
III and IV, receiving 78 mg per day (Fig 1) The average serum value 
for both Groups I and II w as the same (0 2 mg per cent) No serum 
i alues of zero w ere encountered and all but two samples were 0 1 mg per 
cent or over As w as found for the serum values, there was no statistically 
significant difference between the w r hite cell averages for Groups I and II 
There w as also no significant difference between the serum and white cell 
averages for Group III receiving synthetic ascorbic acid and Group IV 
receiving the vitamin m natural form (total mtakes 78 mg daily) 

1 Bessey, O A , Brock, M J , and Lowry, O H , in preparation 
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On inspection of the graph m Fig 1 it will be seen that a definite rela- 
tionship exists between ascorbic acid concentration in serum and white 
cells Of the thirty -nine subjects with serum -values greater than 0 4 
mg per cent, only one white cell value was less than 20 mg per cent, 
whereas out of the forty-tw o with serum ascorbic acid less than 0 3 mg 
per cent, only m one subject did the vv hite cell lev el exceed 20 mg per cent 
In the intermediate zone of serum v alues (0 3 to 0 4 mg per cent) both 
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Serum ascorbic acid - mg /100 ml 

Fig 1 Comparison of the ascorbic acid concentration in serum and white blood 
cells of a group of 103 subjects maintained for 8 months on 8, 23, or 78 mg of ascorbic 
acid daily 

high and low white cell levels were encountered The relation between 
intake and serum and white cell lev els is evident 

At the end of 8 months on the rigidly controlled ascorbic acid intakes, 
thirtj subjects, chiefly from Group I (8 mg per daj), were given large 
amounts of ascorbic acid and the course of realimentation was studied 
Each daj for 4 days 500, 1000, or 2000 mg of ascorbic acid were given by 
mouth m 8 or 10 hourly doses 24 hour urine samples were collected and 
each morning, before anj ascorbic acid was received, white cell and serum 
samples were collected 

The data summarized m Figs 2 and 3 show that for the subjects who 
had been receiving 8 mg of ascorbic acid per day recovery of both serum 
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and white cell levels was nearly complete m 1 day with 2000 mg of ascorbic 
acid per day (four subjects), m 2 days with 1000 mg per day (six subjects), 
and in 3 or 4 days with 500 mg per day (four subjects) Thus both serum 
and white cell values can respond with great rapidity to a sufficiently large 
dose of the vitamin The changes m ascorbic acid levels in white cells 
versus serum follow essentially the same pathway (but at different rates) 
whether the ascorbic acid dose is 500, 1000, or 2000 mg per day (Fig 3) 



Fro 2 Summary of changes in ascorbic acid content of white blood cells upon 
realimentation of subjects previously maintained on low ascorbic acid intakes 

Furthermore, this pathway nearly coincides with the curve obtainable 
from Fig 1 for static values of white cell and serum ascorbic acid attained 
by the ingestion of different amounts of ascorbic acid This suggests that 
the white cells and serum are m equilibrium with each other under the 
conditions of the experiment 

The serum and white cell response of six subjects (data not shown) who 
had been receiving 23 mg of ascorbic acid per day was essentially the same 
as for those who had been receiving 8 mg Although the average serum 
levels of a control group of four subjects (from Group III, which had been 
regularly receiving 78 mg of ascorbic acid daily) were raised by the large 
test doses, the white cell levels were not further raised, on the contrary, 
they decreased slightly (about 15 per cent) during the 4 days of the experi- 
ment This suggests that factors other than ascorbic acid intake may at 
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least to a small degree affect the ascorbic acid le\el of white blood cells 
Similar unexplained changes have been encountered by others (Wilson 
and Lubschez (S)) 

The urinary excretion (Table I) vas uniformly low during the first 24 
hours except m the control group (No III) It is surprising that, men 
when 2000 mg of ascorbic acid were ingested, only 0 5 per cent of the dose 
was lost m the urrne On subsequent daj s the excretion rose to 75 to 90 
per cent of the intake An estimate of the ascorbic acid retention v,as 
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Serum ascorbic acid. - mg /10O ml 

Fig 3 Comparison of the ascorbic acid content of white blood cells and serum 
during reahmentation of subjects previously maintained on low ascorbic acid intakes 

made with the following assumptions (a) that the ingested vitamin was 
in part retained, m part destroyed, and in part excreted in the urrne, (5) 
that during the last 24 hour period the control group (No HI), receiving 
500 mg , and the groups receiving 1000 and 2000 mg of ascorbic acid were 
no longer retaining ascorbic acid, m which case the destruction m the body 
would be equal to the difference between intake and output, (c) that this 
destruction was the same on all 4 days, and was equal in the three groups 
receiving 500 mg pier day 

If these assumptions are valid, the retention each day may be calculated 
by subtracting the ascorbic acid excreted that day from the amount ex- 
creted at a time when no retention was taking place For example, the 
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group receiving 1000 mg excreted 1, 125, 495, and 767 mg on the 4 suc- 
cessive days, the calculated retention was, therefore, 766, 642, 272, and 
0 mg respectively, or a total of 1680 mg This is presumably a lower limit, 
since there is quite possibly less destruction of ascorbic acid during the 1st 
day or 2 Considering this uncertainty, the agreement in retention with 


Table I 

Average Daily Urinary Excretion and Total Retention of Ascorbic Acid during 

Reahmentation 


Group No 

Previous 

intake 

Test dose 

Excretion 

Retention 

4 

1 daj 

2 days 

3 days 

4 days 


mg per day 

mg per day 

mg per day 

mg Per day 

mg per day\ 

mg per day 

mg 

i 

8 

500 

2 

22 

72 

167 

1625 

ii 

23 

500 

i 

13 

77 


1537 

hi 

78 

500 

154 

371 


474 

419 

i 

8 

1000 

1 

125 

i 495 

767 

1680 

i 

8 

2000 

11 

9S0 

\ 


1539 

2223 


Table II 

Comparison of Retention of Ascorbic Acid to Increase in White Blood Cell Ascorbic 

Acid 


Group No 

Previous 

intake 

Test dose 

1 


■ 


mg per day 

mg per day 




i 

8 

500 

Total body* 

29 

57 




White blood cells) 

40 

68 

i 

8 

1000 

Total body 

46 

87 




White blood cells 

44 

81 

i 

s 

2000 

Total body 

69 





White blood cells 

78 


ii 

23 

500 

Total bodj 

31 

60 




White blood cells 

33 

83 


* Retention as per cent of total retention 

t Increase in concentration as per cent of total increase in concentration 


different dosages is satisfactory The average retention for the fourteen 
subjects m Group I was 1844 mg Group II, which had been initially 
receiving 23 mg of ascorbic acid per day, retamed nearly as much ascorbic 
acid as Group I (initially receiving 8 mg per day), whereas the control 
group retamed only about one-fourth as much 

In reference to the question nliether the white blood cell ascorbic acid 
level can serve as an mdex of general tissue levels of ascorbic acid, it is 
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useful to correlate the total dailj retention of ascorbic acid by the bod} as 
a whole with the rate at winch the white cells return to normal (Table II) 
Total retention is recorded as per cent of the ultimate total retention, and 
the white blood cell changes are recorded as per cent of the total change 
during the 4 days, i e , if the initial, 1st day, and 4th day white cell as- 
corbic acid \alues were 12, 21, and 30 mg per cent, the change after 1 day 
would be recorded as 100 X 9/18 or 50 per cent It will be seen (Table II) 
that the white cell recox ery parallels the ascorbic acid retention within 
the limits of experimental variations expected for this type of study 
This suggests that the white blood cells are actually a vahd measure of the 
level of the body content of ascorbic acid If this is true, the total body 
ascorbic acid may be calculated Since the white cell ascorbic acid con- 
centration approximate]} doubled during the retention of 1800 mg of 
ascorbic acid, the final body content of ascorbic acid is presumably twice 
1800 mg or nearly 4 gm 


DISCUSSION' 

It seems permissible to conclude (1) that with the ingestion of 8 to 23 mg 
of ascorbic acid daily by adults the white blood cell ascorbic acid is mam- 
tamed at only about half the concentration attamed with intakes of 78 mg 
per day, (2) that with 8 to 23 mg of ascorbic acid per day a tissue deficit 
from the maximal attainable concentration amounting to nearly 2 gm is 
encountered, (3) that with white cell ascorbic acid values half of normal, 
serum ascorbic acid levels are not necessarily zero but he rather m the con- 
centration range of 0 1 to 0 4 mg per cent, (4) that the white cell level 
appears to be an index of the total body level of ascorbic acid, and (5) that 
given an opportunity, through a sufficiently large intake of ascorbic acid, 
the white cells and serum lex els wall return to normal within 24 hours, with 
a concomitant retention of very large amounts of ascorbic acid by the body 

An important question to public health is what tissue concentration is 
necessary for optimal ascorbic acid nutrition In this study the control 
group receiving 78 mg per day was approximately 90 per cent saturated 
(400 mg retention with a calculated 4 gm of ascorbic acid content at satu- 
ration) Groups I and II with 8 and 23 mg of ascorbic acid per day were 
50 or 60 per cent saturated Careful studies of the gums of these subjects 
by Lmghome el al (6) revealed a clearly defined handicap to the gingival 
tissue in Groups I and II This tissue is continually exposed to mechanical 
trauma and bacterial invasion It is precise!} such conditions which are 
likely to expose handicaps attributable to suboptima] nutritional states 
These findings suggest, therefore, that with somewhere between 60 and 90 
per cent tissue saturation handicaps attributable to ascorbic acid deficiency 
become demonstrable 
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The degree of tissue undersaturation appears to be measured m a gen- 
eral nay by the ascorbic acid concentration m the white blood cells It 
will be frequently desirable, lion ever, to have a more direct and sensitive 
measure of the tissue deficit, particularly when the depletion is not great 
The usual saturation tests are not as sensitive a measure of this deficit as 
they could be Common practice is to give a single fairly large dose, per- 
haps 200 to 500 mg , and to measure the amount of ascorbic acid nhich 
appears m the urine In any case, but particularly if this dose is given by 
vem, the \ ascular system is flooded with ascorbic acid and the amount 
excreted depends on how n ell the kidney competes with the rest of the body 
for the vitamin When given by mouth, the serum level and, hence the 
urinary excretion, null depend m part on the rate of absorption Thus the 
information obtained gives relative but not absolute information concerning 
the tissue deficit An alternative procedure is suggested by the experi- 
ments reported here A total dose should be given which is somewhat 
larger than the expected deficit, e g , 750 to 1000 mg for persons receiving 
over 50 mg per day, and for persons thought to be seriously depleted, 2 or 
3 gm The ascorbic acid should be given in many divided doses spread 
out during the day, and all the unne excreted during a 24 hour period, com- 
mencing with the first dose, should be collected With allowance for an 
estimated 25 per cent destruction, the ascorbic acid retention can be esti- 
mated This procedure is more involved than the ordmaiy tolerance test, 
but it has the virtue of giving a measure of the actual tissue depletion 
Hathaway and Meyer (9) have used this type of test m studies with chil- 
dren, but they used much smaller doses administered over a much longer 
period of time The relatively small amount of destruction of ascorbic 
acid by the body in comparison to that of thiamine, riboflavin, and niacin 
creates an especially favorable opportunity for the measurement of tissue 
depletion by this method (10) 


SUMMARY 

1 White blood cell and serum ascorbic acid concentrations w ere meas- 
ured m subjects who had received standardized diets for 8 months contain- 
ing 8, 23, and 78 mg of ascorbic acid per day With S and 23 mg of the 
vitamin per day the white cells averaged about 12 mg per cent of ascorbic 
acid compared to 25 mg per cent of ascorbic acid for subjects receiving 
78 mg per day The serum levels were not zero even with the low mtakes 
and low w hite cell levels, averaging 0 2 mg per cent for those receiving 8 
and 23 mg of ascorbic acid per day 

2 Aftei 8 months on a diet containing 8 mg of ascorbic acid per day an 
average of about 1800 mg of ascorbic acid was retamed following the 
ingestion of large amounts of ascorbic acid 
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3 Since the increase m white cell ascorbic acid concentration paralleled 
the retention of ascorbic acid, the white blood cells appear to be a lahd 
index of the total bodr concentration of ascorbic acid This leads to the 
conclusion that the normal adult contains nearly 4 gm of ascorbic acid 
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DETERMINATION OF CARBON MONOXIDE IN BLOOD AND OF 
TOTAL AND ACTIVE HEMOGLOBIN BY CARBON MONOXIDE 
CAPACITY INACTIVE HEMOGLOBIN AND METHEMO- 
GLOBIN CONTENTS OF NORMAL HUMAN BLOOD 

Br DONALD D VAN SLYKE, ALMA HILLER, JAMES R YTE1SIGER, 
axdB ALTER 0 CRUZ 

VlTH THE TECHNICAL ASSISTANCE OF JOHN PlACIN 
{From the Hospital of The Roch.efeller Institute for Afedical Research, New YorJ) 
(Received for publication, Julj 10, 1946) 

The occurrence in normal human blood either of methemoglobin, or of a 
form of “inactive Hb” which behaves like methemoglobm m contanung 
tmalent Fe and m lacking the power to combine ret ersibly with 0 3 and 
CO until the FC+++ is reduced to Fe ++ , has been both affirmed and denied 
in the recent literature 1 Until a few j ears ago all the hemoglobin in 
normal human blood it as assumed to be in the “active” form, capable of 
reversiblj combining with 0. and CO Methemoglobm could not be 
detected by spectroscopic examination, and the classic studies of Peters 
(6) in Barcroft’s laboratoiy showed an almost exact ratio of 1 atom of Fe 
per molecule of 0 , capacity in laked blood However, since quantitative 
gasometnc methods for the estimation of inactive Hb and photometric 
methods for methemoglobm have been developed, widely varying amounts 
of both in normal human blood have been reported 
The gasometnc methods for inactiv e Hb have been based on a principle 
introduced by Nicloux and Fontes (1) whereby, by means of a reduemg 
agent, the inactiv e Hb, with Fe +++ , is reduced to activ e Hb, with Fe 44- , and 
the resultant increase in CO or 0» binding capacity is determined as the 
measure of the inactiv e Hb Nicloux and Fontes used Na-SiOi as reduemg 

1 Nomenclature — In the present paper the term “active Hb” will be used to indicate 
hemoglobin capable of combining reversiblj with Oj or CO, “inactive Hb” to indicate 
hemoglobin derivatives that do not combine reversibly with O, or CO, but can be 
converted into active Hb by the reduemg agents that convert fernhemoglobm into 
ferrohemoglobin "Methemoglobm” is used to indicate inactive Hb which, in 
addition to the abditj to be converted into active Hb bj reduemg agents, also shows 
on treatment with ejamde the changes in optica] density that are characteristic of 
methemoglobm In earlier literature it was assumed th3t all inactive Hb, as defined 
above, was methemoglobm, and methods for gasometnc determination of inactive 
Hb were presented as methods for methemoglobm (1-3) In more recent papers 
(4, 5) the possibility that inactive hemoglobin derivatives other than methemoglobm 
maj occur in blood has led to use of the term “inactive hemoglobm ’ to indicate the 
substance or substan ces that are measured bj the increase in CO or O, capacity caused 
bj treatment of blood with Na SiO< or Ti +++ 
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agent, and the mciease m CO capacity as a measure of inactive Hb Van 
Slyke (2), using Nicloux’ reagents and the Van Sly kc-Neill (7) manometric 
apparatus for determining the CO capacity of the blood, de\ eloped a 
method which was later impioved by Van Slyke and Hillei (3, 8) and 
Hon ath and Roughton (9) The first considerable series of measuiements 
in normal human blood by the method (8) was published by Ammundsen 

(4) , who found m 53 subjects that the inactive Hb varied from 0 to 12 per 
cent of the total Hb, the mean being 3 per cent In the blood dinun from 
a single subject on ten different dates the lange was found to be about as 
gieat as m the entire series of 53 subjects Roughton, Darling, and Root 

(5) in determinations on tv enty-si\ blood specimens from four different 
subjects found practically the same mean inactive Hb, 2 8 per cent of the 
total Hb, but a narrower range, 0 7 to 5 per cent How ever, Kallner 
(10, 10a), also using the Na:S 2 0 4 -C0 method, was doubtful that any m- 
actn e Hb exists m normal human blood 

Conant, Scott, and Douglass (11) showed that hematin when reduced by 
Na 2 S 2 0 4 combines reversibly like Hb with CO, so that the inactive Hb 
measured by the Na 2 S 2 0 4 -C0 method would include, besides methemo- 
globin, any hematin that might be piesent, and presumably any Fe +++ 
compounds intermediate between methemoglobin and hematm As a 
procedure moie specific for methemoglobin, Conant, Scott, and Douglass 
reduced the Fe +++ to Fe ++ with titanous tartrate, instead of Na:Si0 4 , and 
measured the resultant increase m Os capacity, instead of CO capacity 
(0», unlike CO, does not combme reversibly wuth hematin under the condi- 
tions of the analyses Ti +++ was substituted for Na 2 S 2 0 4 as reducing 
agent because the presence of Na 2 S 2 0 4 mterferes with 0 2 capacity deter- 
minations ) Conant, Scott, and Douglass did not give data indicating 
whether any of the hypothetical Hb derivatives, capable of combining with 
CO but not O 2 , exist m blood, and mactive Hb values for normal human 
blood obtained by Ramsay (12) with Tr H_+ and 0 2 are not markedly 
different fiom those obtained by Ammundsen and by Roughton, Darling, 
and Root w ith Na2S 2 0 4 and CO In thirty-eight subjects Ramsay found 
inactive Hb, \ arying from 0 to 7 per cent of total Hb, the mean being 1 9 

Recent photometric methods for methemoglobin depend on the decrease 
of transmission of light of wave-length about 6350 (13-15) 01 8000 (16) 
Angstroms that occurs when KCN is added to a solution of methemoglobin, 
the cyanide changes the brownish methemoglobin to the red cyanhemo- 
globm, but does not affect the active Hb Methemoglobin values m 
normal human blood reported by this procedure vary, as is indicated by 
Table I 

The results in the literature leave uncertainty, both as to the identity of 
the inactive Hb measured by the Nicloux principle with the substance 
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measured as methemoglobm bj the photometric cyanide method, and as 
to the concentration range of either substance m freshly drawn normal 
human blood No author appears to ha\e made simultaneous measure- 
ments b\ r both procedures In most of the papers the length of tune the 
blood samples stood before the analyses were made is not exactly stated, so 
that the effects of changes in vtlro are uncertain 


Table I 

Methemoglobm and Inactive Hb in Normal Human Blood, Data m Literature 




ho of 


i Per cent of total Hb 

Author 

ho of 

blood 

Method csed 

■ 



subjects 

ipea 

mens 

| MI ci 

1 mum 

Maxi 

tncm 

Mean 


Inactive Hb 


Ammundsen (4) (1937, 







1939, 1941) 

53 

63 

Na-S-C>4 "1” CO 
gasometnc 

i( it 

0 

12 0 

3 0 

Kallner (10, a) (1942) 
Houghton, Darling, and 

20 

20 

-1 2 

1 2 

gljfrjji 

Root (5) (1944) 

4 

26 

it a 

0 7 

5 0 


Kallner (10) (1945) 

4 

4 

a it 

1-1 5 

0 5 


Ramsaj (12) (1944) 

3S 

3S 

Ti ++t ' + O. gaso 
metric 

-0 5 

7 0 



Methemoglobm 


Bavemann et at (14) 

(1939) 

Scbmid-Burgh (17)* (1°40) 

20 

20 

KCN photometric 

It It 

1 1 

8 

2 4 

1 7 

Paul and Kemp (18)t 
(1944) 

20 

20 

1 1 It 

01 

os 



* The results of Schmid Burgh are reported in papers b> Heubner (17) 
t In 100 miscellaneous hospital patients, selected at random except that those 
receiving sulfonamides or other recognized methemoglobm formers were excluded, 
results were about the same as in normals except that 2 out of the 100 were higher, 
about 2 and 3 per cent of total Hb, respecmelj 

In the present paper results are reported of simultaneous determinations 
made by both procedures at internals beginning 2 to 3 minutes after the 
blood was drawn For methemoglobm the cjamde procedure de\ eloped 
bj Horecker and Brackett (16) is used For the inactn e hemoglobin 
Nicloux’ principle of measuring the increase m CO binding power caused 
b> treatment with Na-SjOi is emplojed Since the increases measured 
were of the order of 1 per cent, maximal obtainable analytical accuracy 
was essential The procedure used for the CO capacity determinations 
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is that of Van Slyke and Hiller (3, 8), with improvements introduced by 
Horvath and Houghton (9), and with other modifications for precision 
that have developed m this laboratory since the origmal method (3, 8) 
was published 

It cannot be stated with certainty that the cyanide reaction applied to 
blood is completely specific for methemoglobm, but the results m this 
paper indicate that, if the cyanide reaction does measure any noimal blood 
constituent other than methemoglobm, the amount of such constituent 
is slight 


DETERMINATION OF BLOOD CO CONTENT AND OF ACTIVE AND 
TOTAL HEMOGLOBIN BY CO CAPACITY 

The carbon monoxide procedures for blood CO content, total hemoglobm, 
and active hemoglobin, as developed, are described with the modifications 
necessary for blood samples varying from 2 to 0 1 ml The technique is 
given m detail necessary for precision 

Apparatus 

The Van Slyle-Neill manomclnc apparatus (7) 

The special Hempel pipette, with 3-way cock, described by Van Slyke 
and Hiller (3) 

The apparatus for generating and storing CO gas described by Van Slyke 
and Hiller (3) 

Calibrated glass spoons for approximate measurement of pulverized 
Na 2 S 2 0.i, as used by Van Slyke and Folch ((19), Fig 4, A) 

The spoon may be made by flattening one end of a rod to a disk of about 6 nun in 
diameter, and fusing a tube of 3 mm bore to the disk The tube is then cut off so that 
a cup about 4 mm deep is made The cup is ground down on a carborundum wheel 
until its capacity is 35 ± 5 mg of pondered Na S 2 0< One such spoon suffices for 
analyses of samples of either 1 or 2 ml of blood For analyses of samples of 0 6 and 
of 0 1 or 0 2 ml , smaller spoons are made to deliver IS db 2 mg and 7 ± 1 mg portions 
of hyposulfitc respectively 

A simpler procedure devised by D A MacFadycn (personal communication) is to 
bend a piece of tubing at right angles, cut one arm off at about 6 mm from the bend, 
and fill the bend with high melting paraffin, the level of which is adjusted to give the 
desired measuring capacity 

Syringe modified to store and deliver air-free solutions The syringe, 
shown m Fig 1, is made by fusing a 20 ml graduated Pyrex Becton- 
Dickinson syringe to a Pyrex glass stop-cock wnth 1 to 1 5 mm bore and a 
stem long enough (15 to 20 cm ) to reach to the bottom of a 250 ml suction 
flask The tip of the stem is tapered so that it can be equipped with a 
rubber ring winch fits mto the bottom of the cup of the gas chamber 
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After fusing the stop-cock to the syringe it may be necessary to trait 24 
hours for the barrel to contract exactly to its former bore and fit the 
plunger 

Reagents 

Sodium hyposulfile (Na-Si0.i), finely puh enzed 

Sapomndiorax solution 1 gm of saponin and 3 gm of borax, 
Na.BiCb IOHjO, are dissolved m 100 ml of water Add 0 1 mL of capiyhc 
alcohol as a preservatit e and shake to saturate the solution 



Fig 1 Synnge for storing and delivering air-free solution 

Potassium femeyanide solution 32 gm of KjFe(CN)e per 100 ml 

Acetate buffer to produce pH approximately 6 75 gm of sodium acetate, 

NaC-H 3 0; 3HjO, are dissolved in 100 ml of water and 15 ml of glacial 
acetic acid are added 

Sodium hydroxide 1 n solution, deaerated by extraction in the evacu- 
ated Van Slyke-Neill chamber and stored o\ er mercury 

Capryhc alcohol 

Carbon monoxide gas This is prepared from HjSO* and formic acid and 
stored as described by Van Slyke and Hiller (3) About 5 per cent of 
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NaOH is added to the watei over which the CO is stored in order to absorb 
a small amount of C0 2 u Inch may accompany the CO 

Fcmcyamdc in acelafc buffer 5 ml of the acetate buffer solution and 
15 ml of the 32 per cent ferncyanide solution are mixed on the day of the 
anatyses and either saturated with air or deaeiated 

The air-saturated solution may be used for hemoglobin determinations when 
maximal precision is not imperative The air saturated solution is prepared by 
mixing, on the daj of analysis, the 5 ml of acetate buffer and 15 ml of 32 per cent 
ferncyanide, and bringing the mixture completely to equilibrium with the atmos- 
phere, with respect to gas content The equilibration maj be accomplished by plac- 
ing the solution in a half liter flask and rotating the liquid about the w alls of the flask 
for a few r minutes, or by bubbling a rapid stream of air through the solution In 
either case the temperature of the solution is taken at the end of the saturation, to 
make sure that it is within 0 6° of that of the room Tho aerated solution is drawn 
up into a 25 ml burette, provided with a capillary stem that is fitted with a rubber 
nng at the tip and that is long enough to reach to the bottom of the cup of the mano- 
metnc chamber The extent to which the air content of the solution may vary on 
different days is indicated by the c corrections of the top row of figures in Table V 
In the burette the air content of the solution will not change significantly during the 
day, unless unusual variations occur in temperature or barometer 

The deaerated solution is required when precision is needed, such as is 
required for the determination of inactive Hb from the difference between 
total and active Hb The procedure generally used to prepare air-free 
reagents, mz to extract the air in the Van Slyke-Neill chamber and store 
the solution over mercury, cannot be used here, because contact with 
mercury reduces the ferncyanide to ferrocyamde The procedure adopted 
is to deaerate the solution m an evacuated flask, and then draw it up into 
a syringe of which the dead space is filled with deaerated mineral oil (Fig 1) 
Between analyses the syringe is suspended with its tip dippmg into mercury 

The syringe is charged with air-free oil and solution as follows Deaerate 50 to 
60 ml of mineral oil by placing it in a 250 ml suction flask, evacuating the flask, 
warming the bottom in a bath at 60-70° and occasionally whirling the solution about 
the flask, until evolution of bubbles ceases For the evacuation a water pump 
suffices (15 to 20 mm ) , but deaeration is more rapid w ith a mechanical vacuum pump, 
lowering the pressure to about 1 mm After the oil is deaerated, open the flask, 
immediately draw about 5 ml of the oil from the bottom lajer into the syringe, and 
eject the air bubble 

Under the oil remaining in the suction flask run 5 ml of the acetate buffer solution 
and 15 ml of the 32 per cent ferncyanide solution Evacuate with a w ater pump and 
deaerate as described for the oil When the evacuated flask is warmed, the aqueous 
solution boils and the vapor accelerates removal of the last portions of air After tho 
solution has boiled tn lacuo for a few minutes, close the rubber tube at the outlet w ith 
a screw clamp and let the evacuated flask stand for 5 or 10 minutes, until the aqueous 
solution Betties out of the emulsion Then open the flnsk and immediately draw the 
solution into the synnge under the oil Hang the syringe with its tip dipping under 
mercury 
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Procedures for Total Hb , Actn c Hb, and CO Content of Blood 

The procedure for total Hb consists of (1) reducing the femhemoglobin 
to ferrohemoglobm with Na-SjQi, (2) saturating the Hb with CO gas, 
(3) extracting the uncombined CO and X» from the solution, (4) adding 
femejarude to set CO free from HbCO, and (5) extracting and measuring 
the CO liberated from the HbCO 

For actuc Hb, the procedure is the same as for total Hb except that step 
(1) is omitted 

For the CO content of drawn blood the procedure is the same as for total 
Hb, except that step (2) is omitted, and pressure readings are taken at 
0 5 ml i olume, ex en xxben the sample is 2 ml 

The procedure for total Hb t nth 1 ml samples will be detailed, with 
indication of the steps that are omitted n hen actn e Hb or CO content is 
determined For samples of 2, 0 5, 0 2, or 0 1 ml the procedure is the 
same as for 1 ml , except that different amounts of reagents are used, as 
indicated in Table II, and that xxhen 2 ml samples are used for total or 
actn e Hb the pressure readings are made with the CO gas at 2 0 ml rather 
than 0 5 ml x olume 

Transfer of Blood Sample to Chamber of Gas Apparatus — 2 drops of 
caprjhc alcohol are placed m the cup of the chamber, and most of the 
alcohol is drawn down into the chamber, enough being left abox e the cock 
to fill the capillarx betxxeen the cock and the cup 3 ml of the saponin- 
borax solution are placed in the cup, and about 0 5 ml is drawn down mto 
the chamber The admission of solution, and of the blood later, is con- 
trolled bj the cock leading to the mercurx bulb, the cock at the top of the 
chamber being left open If the blood has been standing, exen for 3 
minute, it is thorough!} mixed, and the sample is drawn into a 1 ml 
pipette (xuthout stop-cock), calibrated for complete dehxer}, and fitted 
at the tip xnth a rubber ring The tip of the pipette containing the sample 
is pressed through the solution m the cup aboxe the chamber and the 
rubber rag is fitted mto the bottom of the cup as shown m Fig 2 The 
blood is then delix ered at a slow, ex en rate mto the chamber, the rate of 
dehx er} being regulated bx the cock leading to the mercurx lex ehng bulb 
About 2 minutes should be taken to emptx the pipette, in order to obtain 
the most exact dehx era of the blood sample The dehx en is continued 
until all the blood has left the pipette, and a slight bubble of air h3S followed 
the blood into the capillarx beneath the cup The cock at the top of the 
chamber is then closed, and the bubble at the top of the capillarx is dis- 
lodged b} means of a fine wire dipped mto capr} he alcohol A httle of the 
saponin-borax solution is then run mto the chamber to wash the blood 
out of the capillar} 

Addition of Na~S.O t ( Omitted tn Determination of Aclue Hb) — To the 
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saponm-borax solution remaining in the cup abo\ e the chamber 35 ± 5 mg 
of pulverized Na^Ch are added from the calibrated glass spoon At once 
after the hyposulfite is added, it is dissolved by stirrmg for a few seconds 
with a slender rod, and the borax-hyposulfite solution is immediately 
drawn down into the chamber, before atmospheric O 2 can oxidize the 
hyposulfite Enough solution is left above the cock to fill the capillary 
About 0 5 ml of mercury is poured into the cup to provide a seal for the 
tube from which the CO gas is next delivered 



Fig 2 Delivery of blood sample into chamber of Van Slyke-Neill apparatus 

Delivery of CO into Chamber of Gas Apparatus ( Omitted m Determination 
of CO Content of Drawn Blood) — From the modified Hempel pipette ap- 
proximately 10 ml of CO (volume at atmospheric pressure) are delivered 
into the chamber, as described by Van Slyke and Hiller (3) The measure- 
ment is sufficiently accurate if it is v ithm ± 10 per cent The CO may be 
measured by volume at approximately atmospheric pressure by admitting 
the CO until 10 ml are present, as measured by a mark made on the vater 
jacket of the chamber Or the CO may be measured by pressure, as 
described by Van Slyke and Hiller (3) the mercury meniscus is lowered 
to the 50 ml mark, and alternately CO is admitted at the top of the chamber 
and mercury at the bottom, the mercury meniscus being kept near the 
50 ml mark, until the pressure indicated by the manometer has risen 
150 mm 
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Saturation of Hemoglobin with CO ( Omitted in Determination of CO 
Content of Draim Blood ) — The 0 5 m] of mercur} m the cup is run into 
the chamber, enough being left behind to fill the capillary abov e the cock 
The mercur} m the chamber is lowered to the 50 ml mark, and the chamber 
is shaken for 1 5 to 2 minutes It is desirable not to shake longer, because 
contact for as long as 5 minutes at this stage betn een the hemoglobm and 
the alkaline solution appears to cause the beginning of denaturation, the 
amount of HbCO after 5 minutes saturation has been found slightly Jess 
(a feu hundredths of a \ olume per cent of CO) than after 1 or 2 minutes 
During the shaking the chamber should not be exposed to direct sunlight 
After the shaking is complete, the CO gas is ejected from the chamber s 
ith the aboi e treatment the cells ha\ e been laked b} the saponin, the 
0. original!} present in the blood has been reduced b} hyposulfite, any 
femhemoglobm present has been reduced to ferrohemoglobm, and, together 
with the ferrohemoglobm original!} present, has been combined with CO 
to form HbCO Also, the greater part of the X 3 has been extracted from 
the solution 

Extraction of Uncombined CO and Residual Nzfrom Solution — The cock 
at the top of the chamber is sealed with mercur} , the mercur} in the cham- 
ber is louered to the 50 ml mark, and the e\ acuated chamber is shaken 
for 2 minutes at the rate of 300 to 400 oscillations pier minute The solution 
must be protected from direct sunlight or bright diffuse light, as light 
decreases the affinity of Hb for CO If the room is at all bright, the cham- 
ber is coi ered with a black cloth during the extraction The extracted gas 
is ejected, without ejection of am of the solution, 1 and the cock is again 
sealed with mercur} The onl} gases now left m solution are CO m the 
form of HbCO, and COi chiefl} as HCOj - and COy As shown b} Hon ath 
and Roughton (9), m the alkaline borax solution, m the dark, the affinity 
of Hb for CO is so great that no significant part of the CO present as HbCO 
is lost during the extraction 

Extraction of CO from HbCO — The mercur} in the chamber is lowered 
enough to bnng the surface of the aqueous solution down mto the broad 
portion of the chamber This is done in order to at oid precipitation of 
methemoglobin on the u alls of the upper narrow part of the chamber when 
the femcyamde-acetate is next added In the cup aboi e the chamber are 

’The following technique serves f or ejecting gases without loss of solution With 
the cock leading to the leveling bulb open, the mercurr in the leveling bulb is brought 
to the level of the solution meniscus in the chamber, putting the contents of the 
chamber under slight positive pressure, and the cock leading to the leveling bulb is 
closed The bulb is then placed in the ring above the level of the chamber, the cock 
at the top of tbe chamber is opened, and the gas is ejected by slowlj ojjenmg the 
cock leading to the leveling bulb The ejection is continued until the aqueous 
meniscus rises through the cock and fills the capillarv between tbe cock and tbe cup 



130 


BLOOD CO, INACTIVE HB, AND METHEMOGLOBIN 


placed about 0 5 ml of mercury and 1 or 2 ml of water The syringe 
containing the deaerated ferricyamde-acetate solution (or the burette if 
an air-saturated solution is used) is held with the tip above the water m 
the cup, and a drop of the solution is delivered into the water in order to 
expel any air that may be in the tip The tip is then pressed through the 
mercury so that the rubber ring fits against the bottom of the cup, and 
1 5 ml of the ferricyamde-acetate reagent, measured by the graduation on 
the syringe, is admitted into the chamber, the inflow being regulated by 
the cock at the top of the chamber The cock is then sealed with mercury 
from the cup, and the cup is rinsed with water to remove any ferricyamde 
left in it The mercury in the chamber is then lowered to the 50 ml mark 
and the chamber is shaken 3 minutes to extract the CO, which is accom- 
panied by COj set free from blood and reagents by the acid in the 
femcyamde solution 

Absorption of CO 2 and Measurement of CO — Mercury is admitted from 
the levehng bulb to the chamber until the gas space is decreased to between 
3 5 and 4 ml 3 ml of air-free 1 n NaOH are placed in the cup with mini- 
mal exposure to air, and the lower 1 5 ml are at once run into the chamber, 
without agitation, during 30 to 60 seconds The gas space previously 
left in the chamber should be such that the last portion of the added alkali 
mounts into the narrow tube with the 2 ml mark The alkali, if quietly 
added, forms a clear layer over the hemoglobin solution, permitting 
accurate reading of the meniscus After the alkali, a few droplets of 
mercury are admitted to dislodge alkali solution from the space underneath 
the stop-cock 1 minute is allowed for the alkali to finish drainmg down 
the wall , the meniscus is then raised to the 0 5 ml mark, preferably observed 
with a hand lens, and the readmg pi is taken on the manometer The 
temperature in the water jacket is recorded The gas is then ejected 
from the chamber, 2 the solution meniscus is lowered below the 0 5 ml 
mark, then raised to the mark, and the manometer reading po is taken, 
with the chamber free of gases other than water vapor 

Blanh Analysis to Determine c Correction — The blank analysis is carried 
out exactly as the blood analysis, except that water is substituted for the 
blood The pi — po value found in the blank analysis is the c correction 
In analyses of 1 ml blood samples the c value measured, with the gas at 
0 5 ml 1 olume, should not exceed 1 5 mm in determination of total Hb, 
or 3 5 mm in determination of active Hb, if the 1 n NaOH and the acetate- 
ferricyanide solutions have been kept and used with the precaution pre- 
scribed to keep them air-free (see Table V) In analyses of 2 ml blood 
samples, c measured with the gas at 2 ml volume is one-fourth as great as 
in the analyses of 1 ml samples 

Washing Chamber after Analyses — It is necessary to remove all particles 



VAN SLTKE, HILLER, WEISIGER, VNT> CRUZ 


131 


of methemoglobm precipitate from the walls of the chamber If any 
remain, they are likely to be reduced to actn e Hb by Na»SiO« added m 
the next analysis and cause a plus error 
After pa has been recorded, without releasing the i acuum admit about 
10 ml of water into the chamber, mix with the blood solution by agitating 
gently by hand, and then eject the mixture from the chamber Fill the cup 
of the chamber with 1 n NaOH, dissoh e about 70 mg of Na-Ss0 4 m the 
NaOH solution, and admit the latter to the chamber, followed by about 
20 ml of water Lower the mercury below the 50 ml mark and shake 
with the motor until all particles adherent to the w all are dissoh ed The 

Table II 


Conditions for Total Hb Determination in Blood Samples of Different Stze * 


■\ olume 
of 

blood 

maple 

Capnrlie 

alcohol 

used 

\olome of 
saponin 
borax 
soluton 
used 

NijSiOt 

used 

\olume of : 
CO gas in 
chamber 
to saturate 
Hbt 

\olnme 
of fern 
cyanide 
acetate 
solution 
used 

1 v NaOH 

Volume of 
gas when 

Pi and p% 
are read 

Measured 
into cup 
above 
chamber 

Admitted 

into 

chamber 

r*l 

drops 

ml 

mi 

rrJ 

rtJ 

mm 

ml 

ml 

2 

3 

4 

35 ± 5 

mm 

1 5 


1 5 

2 0 

1 

2 

3 

35 rfc 5 

n 

1 5 


1 5 

0 5 

0 5 

1 

1 5 

18 ±2 

MM 

1 0 

2 0 

1 0 

0 5 

0 1-0 2 

1 

1 0 

7 db 1 

MM 

0 5 

2 0 

0 5 

0 5 


* To determine active Hb, omit the Na-S-Oi In all other details the procedure is 
the same as for total Hb 


t To determine CO content of blood as drawn, omit the saturation with 10 ml of 
CO Make pressure readings with the gas at 0 5 ml \olume, even when the sample 
is 2 ml Other details, including addition of Na S 0«, the same as for total Hb 

Ka-S ; Oi assists by reducing insoluble acid methemoglobm to the more 
soluble reduced Hb Eject the solution from the chamber Wash once 
with water, then admit 20 ml of water and 2 ml of 2 x sulfuric acid and 
shake, with the mercury surface in the broad part of the chamber somewhat 
abote the 50 ml mark The dilute acid cleans the mercury of colloidal 
material that is likely to contaminate it after the previous washing with 
alkali Eject the acid solution, and wash twice with 20 ml portions of 
water 

Analysis of Blood Samples of Different Stze — The above directions are for 
analyses of blood samples of 1 ml For samples of 2, 1, 0 5, 0 2, and 0 1 
ml , the % olumes of reagents used, and the gas % olumes at which pi and p 0 
are measured, are given in Table II 
Calculation — The pressure, Pco, everted by the CO gas is 

Pco ■= pi - - c 

where c is the pi — pt>\ alue obtained m the blank analysis 
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The result in terms of \ olumes per cent or mil per liter of CO, or gm 
of hemoglobin per 100 ml of blood, is calculated by multiplying P co by 
the proper factor m Table III or Table IV 


Table III 

Factors by which Mm of Pco ore Multiplied to Give Blood CO Content 


Tem 

pera 

ture 


C 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 
27 
2S 

29 

30 

31 

32 

33 

34 


For samples of 0 1 ml , use 10 times the factors for samples of 1 0 ml 

The factors for \ olumes per cent and him of CO m Table III are cal- 
culated by Equations G and 7 of Van Slyke and Neill (7) (or Equations 3 
and 5 on pp 2S2, 283 of Peters and Van Slyke (20)), but with values for 
the distribution coefficient, a', of CO between the aqueous and gaseous 
phases lower than t alues git en m Table I of Van Slyke and Neill or Table 
27 of Peters and Van Slyke The values of these authors are for systems 
in which the aqueous phase is water, or water with insufficient solutes to 


Volumes per cent CO in blood 


Sample 

2 ml 

5 = 75 
ml 

a = 20 
ml 

i « 1 00 



Sample 

= 0 5 ml 
5 = 3 
ml 

a « 0 5 
ml 

* = 1 00 


0 1248 

0 03120 

0 06240 

0 1246 

0 3113 

43 

OS 

16 

41 

02 

39 

0 03097 

0 06194 

37 

0 3091 

35 

86 

72 

32 

SO 

30 

75 

50 

28 

69 

26 

63 

26 

24 

57 

22 

53 

06 

19 

47 

18 

42 

0 060S4 

15 

36 

13 

31 

62 

10 

25 

09 

26 

41 

06 

14 

04 

10 

19 

02 

04 

01 

00 

0 05999 

0 1198 

0 2993 

0 1196 

0 02939 

78 

94 

S3 

92 

79 

57 

S9 

73 

8S 

6S 

36 

85 

62 

S3 

5S 

15 

81 

51 

79 

48 

0 05S95 

77 

41 

75 

37 

74 

73 

31 

71 

27 

54 

69 

21 

67 

17 

33 

65 

11 


mu CO per liter blood 


Sample 
= 2 ml 

5 = 75 
ml 

fl-20 

ml 

* = 1 00 


Sample 
= 1 ml 

5 -= 55 
ml 

a = 05 
ml 

t « 1 00 

Sample 
= 0.5 ml 
5 = 3 
ml 

a « 05 
ml 

* = 1 00 

Sample 
= 0.2 ml 
5-17 
ml 

a = 05 
ml 

t — 1 00 

0 05569 

0 01392 

0 02784 

0 05558 

0 1389 

50 

87 

74 

38 

84 

30 

82 

64 

19 

79 

10 

77 

54 

0 05499 

74 

0 05490 

72 

44 

80 

69 

71 

67 

34 

60 

64 

51 

62 

24 

40 

59 

32 

57 

14 

20 

54 

12 

53 

05 

00 

50 

0 05392 

4S 

0 02695 

0 05381 

45 

73 

43 

85 

62 

40 

54 

38 

76 

42 

35 

36 

34 

67 

24 

31 

18 

29 

5S 

05 

26 

0 05299 

25 

49 

0 05287 

22 

79 

20 

39 

6S 

17 

62 

15 

30 

50 

13 

44 

11 

21 

33 

OS 

26 

06 

12 

15 

04 

OS 

02 

03 

0 05198 

0 1299 
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depress the solubility of CO significantly below the solubility in water 
In the present analyses the combined concentrations of borate, femcyamde, 
and acetate depress the solubihtj enough to have a slight but significant 
effect on the factors calculated The solubility of CO was determined at 
23° bj the method of Van SljLe (21) in 10 ml portions of a mixture of 
blood and reagents, m the proportions present in the chamber at the 

Table IV 


Factors by Which Mm of Pco Arc Multiplied to Give Gm of Hemoglobin per 100 Ml 

of Blood 


Ten per 
»ture 

Simple — 2 ml 

5 - 7 JS ml 
a — 2 0 ml 
« - I 00 

Simple “ 2 mL 
S - 7.5 mL 
c — 0.5 ml 
* - 1 00 

Sample — 1 mL 
5 - 5.5 mL 
a ■» 0.5 ml 
( - 1.00 

Sample *» 0.5 mL' 
.S' ™ 3 ml I 

a — 0.5 mL 

i - 1 00 

Sample — 0.2 ml. 
S - 1 7 ml 
a *» 0.5 mL 
t - 1XO 

•c 

15 

0 09147 

0 022SS 

0 04575 

0 09129 

0 22S1 

1G 

14 

79 

5S 

0 09097 

73 

17 

0 090S2 

70 

40 

04 

65 

IS 

50 

62 

23 

32 

57 

19 

IS 

53 

06 

00 

49 

20 

0 0S9S6 

45 

0 044S9 

0 0S96S 

40 

21 

54 

37 

73 

36 

33 

22 

20 

29 

57 

02 

25 

23 

0 OSSSS 

21 

42 

0 0SS70 

17 

24 

56 

13 

26 

3S 

09 

25 

24 

06 

11 

06 

01 

26 

0 0S792 

0 0219S 

0 04396 

0 0S776 

0 2193 

27 

62 

90 

SO 

46 

S5 

2S 

32 

S3 

65 

15 

7S 

29 

02 

75 

50 

0 0S6S4 

70 

30 

0 0S671 

6S 

35 

54 

63 

31 

42 

60 

19 

24 

55 

32 

14 

52 

04 

0 0S594 

4S 

33 

0 0S5S4 

45 

0 04290 

66 

40 

34 

54 

3S 

75 

37 

33 


For samples of 0 1 ml , use 10 times the factors for samples of 1 0 ml 


time the CO is extracted, and was found to be 0 71 as great as the solubility 
m water at the same temperature Consequently all the values for the 
a' of CO m Table I of Van Slyhe and Neill were multiplied by 0 71 to obtain 
the a' talues for the present calculations The effect of the depression 
of a' is to depress the factors for blood samples of 1 or 2 ml by approxi- 
mately 1 part per 1000 With 0 5 and 0 2 ml samples the depression is 
less 
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The factors in Table IV for gm of hemoglobin per 100 ml were cal- 
culated by multiplying the ran factors by 16 43/10, since Bernhart and 
Sheggs (22) have shown that the Fe content of human hemoglobin is 
0 340 per cent, indicating that 1 gm atom of Fe, or mole of CO, combines 
with 16,340 gm of human hemoglobin 

Calculation of Inactive Hemoglobin 

Inactive Hb = total Hb (with NaiS;0<) minus active Hb (without NaaS 2 0 4 ) 

Importance of Consistent Deaeration of Femcyanide-Acclate Reagent, 
and of Other Factors, to Prevent Error from Variable Blanks 
The accuracy of the analysis depends on keeping the amount of all gases 
except CO, present at the time the pi reading is made, at a constant, and 
preferably a minimal, amount, for which accurate correction can be made 
by blank analysis If the ferricyamde-acetate reagent contains any air, the 
latter will all be extracted into the gas phase with the CO when active hemo- 
globin (without Na 2 S 2 0 4 ) is determined, and will be measured with the CO 
When total Hb is determined, only the N 2 of air admitted with the fern- 
cyamde-acetate solution appears m the final gas measured The 0 2 is 
removed by the Na 2 S 2 0 4 present Although the ferricyanide is added m 
such great excess over the Na 2 S 2 0 4 that the latter is all oxidized, it appears 
that the reaction of the Na 2 S 2 0 4 of the blood mixture with 0 2 in the added 
ferricyanide reagent is quicker than the reaction with the K 3 Fe(CN)e, be- 
cause the 0 2 practically all disappears, as is shown by the extent to which 
blanks for total Hb fall below those for active Hb (Table V) 

The effect of air added with the ferricyamde-acetate reagent is indicated 
by the results m Table V for c values determined for the conditions of analy- 
sis of 1 ml blood samples 

Table V indicates that, even when the ferricyanide reagent is deaerated 
and stored m a syringe sealed with deaerated oil, as described for the present 
methods, a slight amount of air (averaging about 15c mm ) nevertheless 
. enters the Van Slyke-Neill chamber dissolved in this reagent For the total 
Hb determination (with Na 2 S 2 0 4 ), the maximal variation of the blank, when 
the deaerated reagent was prepared as directed, was ±0 5 mm from the 
mean, or about 1 part m 600 of the readmg obtained m total Hb determina- 
tions on normal blood For active Hb (without Na 2 S 2 0 4 ) both the blank 
and its variation are about twice as great 

When the deaerated reagent was stored as directed, in a syringe sealed 
with oil that had also been deaerated, we have never observed a significant 
increase m the blank during a working day When the solution w r as per- 
mitted to stand in the syringe till the next day, m some cases there was no 
increase, m others the blank was measurably higher The difference m 
protection from the air may have been due to differences m the closeness of 
fit of synnge piston to barrel 
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In the blood analyses reported in this paper, the blanks for both active 
and total Hb were determined each day with ferncyamdc-acetate reagent 
deaerated that daj 

Other sources of error from non-CO gas could be failure to extract com- 
pletelj the N* of the blood and saponin-borax mixture m the first stage 
of the anal} sis, and failure to use veil deaerated NaOH solution to absorb 

Table V 


Value of c Correction Determined talh Femcyanidc-Acclale Reagent Deaerated and 
Stored tn Different Ways 


Measures to protide deaerated ferrieyaiude' 
acetate reagent 

Replicate 

determinations 

c correction measured with gas at 

0_5 mi. volume conditions for 
analysis of 1 ml blood sample 

For active Hb 
determination 
(no NajJrOi) 

For total Hb 
determination 
fVaiS-O* present) 



run 

mn 

No deaeration, reagent used from 
open vessel at room temperature 
approximately saturated with 
air 

10 on different 
days 

18 7-26 5 

12 2-19 4 

Deaerated and transferred to burette 
under air saturated paraffin oil, 
used at once 

Deaerated and transferred to syringe 
(Fig 1) containing air saturated 
oil 

2 

9 5-10 7 

3 8 

Used at once 

2 

G 9 


“ next day 

2 

11 0-11 6 

6 0 

Deaerated and stored in syringe (Fig 

1) containing oil also deaerated 
as described for present methods , 
used within S lira of deaeration 

20 on 10 dif 
ferent days 

18-34 

0 6-13 

Average 

| 

2 5 

1 1 


CO. at the last stage Both these sources are, however, easily made to 
Approximate zero if the preliminary extraction of N 3 and the deaeration and 
use of the 1 n NaOH are earned out as directed 

Photometric Determination of Mclhemoglobin 

The method of HorecLer and Brackett (16) which was used is based on 
measurement of the decrease m optical density (v a\ e-length 8000 A) caused 
bj adding KCN to a borate-buffered solution of the blood, of which the pH 
is approximately 9 4 The change from methemoglobm to cyanhemoglobin 
decreases the optical density to 13 per cent that of the methemoelobin, the 
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KCN does not affect the optical density of any other substances than 
methemoglobm known to be present in blood In order to increase the sen- 
sitivity of the method for measurement of small concentrations of methemo- 
globin, the procedure of Horecker and Brackett was modified by diluting 1 
ml of whole blood with saponm-bora\ solution to 5 ml rather than 10 ml 
Measurements of optical density weie made with a Beckman quart spec- 
trophotometer, with transmitting layers of 1 cm of solution The photo- 
meter was calibrated by means of blood standardized for total Hb content 
by the carbon monoxide method described in this paper For calibration 
of the photometer portions of blood thus standardized were laked, the 
Hb v as all converted into methemoglobm by an excess of femcyanide, and 
the optical density of the femcyanide-treated, 5-fold diluted blood was 
measured, befoie and after addition of KCN Decrease of 1 unit in optical 
density coi responded to a concentration of 3 90 gm of methemoglobm per 
100 ml in the observed solution, and to 19 5 gm of methemoglobm per 100 
ml of the original blood 

Data from a typical determination on a normal blood are 

Di (optical density before adding KCN) = 0 497 
.Dj ( " “ after “ “ ) •= 0 493 

Di — D t 0 004 

Methemoglobm per 100 ml blood = 0 004 X 19 5 = 0 08 gm 

The optical density readings were estimated to 0 001 density unit on a 
scale divided into 0 01 unit divisions, the total density readings bemg, as in 
the above example, in the neighborhood of 0 5 Probably the error of any 
one reading did not exceed ±0 002 density unit, or the sum of the errors 
±0 004 unit, which would cause an error of ±0 08 gm of methemoglobm 
per 100 ml of blood, equivalent to about ±0 4 per cent of the total hemo- 
globin The positive result for methemoglobm m the above example there- 
fore might be obtained ma blood that had no methemoglobm, but only in 
the infrequent case that maximal reading errors of the two density readings 
occurred in opposite directions 

EXPERIMENTAL 

Cornpanson of Total Hemoglobin Determinations with 
Blood Samples of 1 0, 0 2, and 0 1 Ml 
In Table VI are given results of quadruplicate analyses with samples of 
the three different volumes The material analyzed was a dog blood of 
unusually high hemoglobin content 

Comparison of Active Hemoglobin Determinations by Oxygen Capacity and 
Carbon Monoxide Capacity Respectively 
Portions of about 15 ml each of blood from three normal men were placed 
in tonometers of 250 ml capacity and rotated at room temperature of about 
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23° to saturate the blood with air Rotation was continued for an hour 
before analyses were begun, in order to permit approximate completion of 
am change from macti\ e to activ e Hb (discussed later) Then three suc- 
cessive samples of 1 ml of each blood were taken at approximately 20 
minute mterv als and analyzed for Oj -f CO, the rotation of the tonometer 
being resumed after each sample w as taken Both 0. and CO, mixed with 
COj and Ns, were set free from the blood by femcyamde, the CO- was ab- 
sorbed with sodium hydroxide solution, and the pressure of the residual Oi 
+ CO + N. gas was measured with the gas at 0 5 ml volume From the 
gas thus measured the physically dissolv ed 0. + N ; m blood saturated with 
air at the ob c erved temperature and barometric pressure was estimated 
from the N* and 0* solubilities in blood (23, 24) (the solubilities are shown 


Table VI 

Comparison of Total Hemoglobin Measurements mth Blood Samples of 1 0, OS, 

and 0 1 Ml 

All Pco measurements with gas at 0 5 ml volume 


Simples of I ml. 

Simples of OJ ml 

Samples of 0 1 ml 

■^co 

Temper 

attire 

' Hb 

. 

•^co 

Temper 
a tare 

Hb 

•^co 

Temper 

ature 

Hb 

rtn 

C 

trt fer 
100 ml 

rtn 

5 c 

in fxr 
100 nl 

rtn 

C 

gn per 
ICO nl 

422 3 

23 0 

IS 76 

Si 7 

24 1 

18 74 

41 5 

22 3 

IS 5 

422 2 

23 0 

IS 75 

84 S 

24 6 

IS 73 

41 3 

22 6 

IS 4 

423 0 

23 5 

IS 76 

S4 5 

24 6 

18 71 

42 6 

23 9 

IS 9 

422 5 

23 3 

IS 75 

S5 0 

23 7 

IS 84 ) 

42 4 

24 0 | 

IS 8 


by curves m Fig 48 of Peters and Van Slyke (20)), and were sub- 
tracted from the total 0. + CO + X. found to obtain the Oi + CO bound 
by the active Hb This procedure was used instead of determination of 
the 0; alone by absorption from the extracted gases with Na«SiO< solution, 
because the latter procedure fails to mclude the small amounts of CO bound 
as HbCO that are usually found m human blood, such CO, as is shown by 
Roughton, Darling, and Root (5), is but slowly and incompletely displaced 
by Oj during ev en prolonged equilibration with air at room temperature 
By the procedure used, any HbCO present at the end of saturation is in- 
cluded m the measurement of activ e Hb by 0 2 capacity 
After the three oxygen capacity' determinations had been completed, 
samples were taken for determination of activ e Hb and total Hb by the 
carbon monoxide methods described m this paper 
The results (Table VTI) confirm a senes of O 2 and CO capacities, obtained 
by Van Slyke and Hill er (3) with earlier methods, in fading to show a con- 
sistent difference between CO capacity and 0. capacity in normal h um a n 
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blood In normal blood it appears that there can be but little of any hy- 
pothetical heme derivative capable of combining with CO but not with 0« 
That such heme derivatives may occur in pathological blood, however, is 
indicated by the extraordinary figures found by Roughton, Darling, and 
Root (5) in a case of idiopathic cyanosis with 15 4 volumes per cent of Oj 
capacity and 22 4 volumes per cent of CO capacity (without Na^aOi) 


Table VII 

Comparison of Active Hemoglobin Determinations m Normal Human Blood by Oxygen 
Capacity and by Carbon Monoxide Capacity 


Approximate 
time interval 

Determination 

Subject A 

Subject F 

Subject P 

was drawn 





hrs 


[ m Bb ter 

100 ml 

gm Eb per 

100 vu 

gm Eb per 

100 ml 

1 2 

Active Hb by Oj 

14 99 

16 06 

14 88 

1 5 

tt it tt it 

14 98 

16 24 

14 91 

1 8 

il tt tt it 

15 13 

16 21 

14 90 

2 1 

Active Hb by CO 

15 03 

16 37 

15 05 

2 6 

Total " “ “ 

15 27 

16 50 

15 27 


Determinations of Inactive Hemoglobin and Methemoglobin 
in Normal Human Blood 

Venous blood, about 15 ml , was drawn from the cubital vein, usually in 
the morning, without regard to time elapsed since the last meal The blood 
was immediately transferred from the syringe to a 25 ml test-tube m which 
a film of 15 to 20 mg of potassium oxalate had been dried The tube was 
stoppered and inverted to dissolve the oxalate, and immediately three 
samples of 1 ml each were taken Two were used by analysts H and P to 
start simultaneous duplicate determinations of active hemoglobin by the 
carbon monoxide method, and the third was used for photometric methemo- 
globin determination To start the analyses with minimal delay, two Van 
Slyke-Neill chambers were previously prepared with saponm-borax solution 
in their cups, and the blood samples were transferred to the gas chambers 
and mixed with the saponin-borax solution within 2 to 3 minutes from the 
time the drawing of the blood was finished The analysis of the sample for 
photometric methemoglobin determination was also started within 2 to 3 
minutes 

At intervals, indicated m Table VIII, additional samples were taken for 
analysis from the test-tube, the latter bemg inverted repeatedly to assure 
uniform mixture of the cells before each sample was taken Samples for 
duplicate determinations were always taken simultaneously, in order to 
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Table VIII 

Simultaneous Determinations of I naciuc Hemoglobin by CO-Gasometnc Method and of 
McthcrnogJobm by Cyanide Photometric Procedure 




Subject 

Interval 

betwren 

bleeding 

and 

start of 
analysis 


run 

Or 9 

2 


76 


116 


10 


150 

v; e 

2 


13 


127 


SO 

DVS o' 

2 


69 


211 


216 


37 


270 

DVS o' 

3 


26 


201 


56 


165 

Ch o* 

2 


79 


118 


10 

Ch o' 

3 


37 


67 


107 

Ch o’ 1 

3 


267 


33 


Gm lib per 100 ml blood 


Per cent of 
total Hb 




Inactive 
Met by CO 


photo- mean 
metric of H 
and P 


0 00 0 9 0 0 
0 00 0 7 0 0 
0 00 0 7 0 0 


0 15 | 18 
0 24 
0 07 I 0 7 


0 10 | 13 
0 07 


0 00 1 6 0 0 
0 9 
0 5 


30 

0 00 

17 

30 

0 09 

1 1 

20 

0 00 

08 

16 

0 09 

1 5 

oa 


1 2 1 


0 01 I 1 0 0 3 

0 7 
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Table VIII — Continued 


Blood 

No 

Subject 

Interval 

between 

bleeding 

and 

start of 
analysis 

Gm Hb per 100 ml blood 

Per cent of 
tots! Hb 

Total and active by CO 

Intacive by CO 

_ 

Met 

Hb, 

photo 

metric 

Inactive 
by CO 
from 
mean 
of H 
and P 

Met 

Hb, 

photo- 

metnc 

Form of Hb 
determined 

Analyst 

P 

Ana^st 

Analyst 

P 

Ann^st 



















8 

We <S 

mm 

Active 

15 

38 



0 

22 





i 

4 

0 

0 



. 

tt 

15 

35 

15 

52 

0 

25 

m 




i 

0 

0 

0 



■Pm 

tt 

15 

60 

15 

54 

0 


0 

05 


00 

0 

2 

0 

0 



71 

Total 

15 

60 

15 

59 











9 

We & 

3 

Active 

14 

63 

14 

68 

0 

19 

0 

18 

i 

02 

l 

2 

0 

2 



120 

it 

14 

77 

14 


0 

05 

0 

06 



0 

4 





35 

Total 

14 

82 

14 

86 











10 

Em (S 

2 

Active 


46 

16 

54 

0 

16 

0 

15 


18 

0 

9 

1 

1 



103 

(< 


51 

16 

56 

0 

11 

0 

13 


02 

0 

7 

0 

1 



246 

ft 


48 

16 

51 

0 

14 

0 

18 

0 

20 

0 

9 

1 

2 



35 

Total 

16 

62 

16 

73 













70 

« 

16 

61 

16 

64 











11 

Sp 9 

2 

Active 

14 

61 

14 

66 

0 

12 

0 

09 

0 

06 

0 

7 

■ 

4 



118 

tt 

14 

67 

14 

72 

0 


m 

m 

c 

22 

0 

3 

1 

5 



154 

it 

14 

66 

14 

75 

0 

07 

0 


0 

10 

0 

3 

Kj 

6 



37 

Total 

14 

73 

14 

74 













78 

It 

14 

72 

14 

76 











12 

Ar (S 

2 

Active 

15 

19 

15 

24 

0 

20 


18 


04 

1 

2 


2 



92 

tt 

15 

32 

15 

33 

0 

07 


09 


00 

0 

5 





212 

it 

15 

31 

15 

32 

0 



m 



0 

5 





36 

Total 

15 

39 

15 

42 











13 

Fo c S 

2 

Active 

16 

78 

16 

70 

0 

26 


29 


15 

1 

6 


9 



40 

(( 

16 

77 

16 

78 

0 

27 


21 


m 

1 

4 


4 



108 

tt 

16 

94 

16 

90 

0 

E 


09 

0 

Ml 

0 

6 


3 



70 

Total 

17 


16 

99 











14 

Ph o’ 

2 

Active 

16 


15 

98 

0 


m 

15 


06 

0 

6 


4 



44 

tt 

15 


16 


0 

I® 

0 



SI 

0 

4 


2 



120 

tt 

16 

04 

16 


0 


m 

OR 



0 

3 

0 

1 



80 

Total 

16 

05 

16 

13 













300 

(( 

El 














15 

Na 9 

3 

Active 

13 

19 

13 

25 




19 

E 


1 

0 

0 

0 



74 

(I 

13 

38 

13 

37 


ii 


m 

0 


-0 

1 

0 

0 



37 

Total 

13 

27 

13 

44 
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Table 1711 — Concluded 




Interval 
between 
bleed ins 

and 

start of 
analysis 

Gm Hb per 100 mL blood 

Per cent of 
total Hb 

Blood 

ISo 

Subject 

Total and active by CO 

Inactive by CO 

Met 

Hb 

photo- 

metric 

Inactive 
by CO 
from 
mean 
of H 
and P 

Met 

Hb 

photo- 

metric 



Fc-n of Hb 

determined 

Analyst 

P 

Analyst 

Analyst 

P 

Analyst 



nifi 









16 

KVS o' 

3 

Active 

15 32 

15 33 

0 18 

0 IS 

0 04 

1 2 

0 2 



32 

Total 

15 47 

15 61 








72 

<« 


15 60 









** 

15 53 







17 

As 9 

3 

Actne 

13 85 

13 82 

0 18 

0 26 

0 04 

1 6 

0 3 



32 

Total 

14 01 

14 06 








72 

«( 

14 04 

14 10 






18 

Do <? 

3 

Active 

14 75 

14 81 

0 22 

0 27 

0 10 

1 6 

0 6 



33 

Total 

14 94 

15 11 








69 

It 


15 05 






19 

Hi 9 

3 

Active 

14 81 


0 21 


0 04 

1 4 

0 2 



33 

it 

14 S3 


0 19 



1 3 
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Total 










176 

it 









Table IX 

Constancy of Measurements of Total Hemoglobin in Blood Standing at Room 
Temperature after Drawing 


Blood samples of 2 ml 


Tine between bleeding 
and analysis 

Total Hb found per 

100 mL blood 

Tine between bleeding 
and analysis 

Total Hb found per 

100 mL blood 

krs 

tvu 

irs 

in 

0 

14 50 

3 5 

14 66 

0 5 

14 55 

4 0 

14 54 

1 0 

14 51 

4 5 

14 44 

1 5 

14 44 

5 0 

14 5S 

3 0 

14 57 

5 5 

14 52 


Mean total Hb 

Standard deviation from mean 
Gm Hb per 100 ml , ±0 066 
% of mean, ±0 45 


14 53 
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avoid differences from the shght mcrease of active Hb that was usually 
noted m successive analyses The total Hb, however, did not show any 
trend of change durmg the 2 to 4 hours duration of each set of observations 
(see also Table EX) Consequently, for a given blood, the successive inac- 
tive Hb values measured by each analyst were calculated by subtracting 
the successive single active Hb values from the mean total Hb value ob- 
tained by that analyst 


Table X 

Precision of Results in Table VIII for Total, Active, and Inactive Hemoglobin Estimated 
by Comparison of Simultaneous Duplicate Analyses by Two Analysts 


Analyses with blood samples of 1 ml 


Substance determined 

No of pairs 
of simulta 
neous duph 
cate analyses 
by analysts 
H and P 

N 

Mean difference, 
n— P, between 
two analysts 

M 

Standard deviation 
of individual results 

from mean difference* 

Probable 
\anation in 
results of 
either 
analystf 




per cent 
of total 
Hb 


per cent 
of total 

m 

per cent of 
total Hb 

Total Hb 

23 


+0 35 


±0 38 

±0 26 

Active " 

40 

m 


±0 0S6| 

±0 56 

±0 38 

Inactive Hb 

40 



| ±0 095 

±0 62 

±0 42 


* Standard deviation calculated as "S /z(ei)7(A — 1) where d = H — P — M, H 
being the value found by analyst It, P the value found by analyst P 
t Calculated as the probable error = 0 674 X standard deviation 


This procedure canceled, with regard to the inactive Hb, the effects of 
consistent tendency of analyst H to obtain results about 1 /300 higher than 
analyst P for both total and active Hb (see Table X) 

RESULTS 

Range of Inactive Hemoglobin Content of Freshly Drawn Blood 

From the results m the next to the last column m Table VIII, the range 
of inactive Hb in the freshly drawn blood of the nineteen subjects was from 
— 0 1 to +1 8 per cent of the total Hb, the mean being 1 3 per cent 

Constancy of Total Hemoglobin Measurements in Successive Analyses of Blood 
Standing at Room Temperature after Drawing 

In Table VIII successive determinations of total Hb performed on in- 
dividual blood specimens after the latter had stood for varying intervals 
from the moment the blood was drawn show no trend of the results 
to change with the duration of the interval after drawing A further test 
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of the poult w as made by makmg ten successive total Hb determinations 
during a period of S 5 hours after the blood was drawn (Table IX) Blood 
samples of 2 ml were used The results indicated no change during t his 
period in the material measured as total Hb Similar constancy was ob- 
sen ed by Roughton, Darling, and Root (5) 

Reproducibility of Results by Carbon Monoxide Method for Total, Active, 
and Inactive Hemoglobin 

In measurements of total Hb the standard denation of ±0 45 per cent 
from the mean in Table IX indicates that with samples of 2 ml half the 
results of a senes should fall within ±0 3 per cent (0 67 X s d ) of the mean, 
and that 95 per cent should fall within ±0 9 per cent, figures which are 
consistent with results obtained in the senes of Table IX 
When samples of 1 ml were used, the results of Tables VIII and X indi- 
cate that reproducibility was about the same as that obtained with 2 ml 
samples In Table YTII are sixteen pairs of duplicate total Hb determina- 
tions m which the determinations of each pair were performed on 1 ml 
samples by the same analy st (ten pairs by P and sl\ by' H) In only' one of 
the sixteen pairs does the difference between duplicates exceed 0 06 gm 
per 100 ml of blood, or 0 4 per cent of the Hb determined 
In determinations of aclue Hb, successive determinations by the same 
analy st could not be used as exact duplicates because of the tendency of 
actn e Hb to increase at the expense of the mactiv e Hb during the mterv als 
between successive analyses Consequently' an estima + e of precision has 
been made m Table X from the agreement obtained m duplicate simul- 
taneous analyses, m which one analysis of each pair was earned out by a 
different analyst It appears that some constant difference, such as the 
calibration of instruments or the manner of reading the meniscus at the 0 5 
ml mark of the Van Slyhe-Neill chamber, was present between the two 
analysts, smee the results of H for both total and activ e Hb ax eraged about 
1 part in 300 higher than the results of P 
For inactive Hb, calculated as total Hb minus active Hb, this difference 
between the analysts is canceled The figures m the last column of Table X 
indicate that the analytical variability of the inactive Hb is somewhat 
greater than that of either the total or activ e Hb, as might be expected from 
the fact that inactiv e Hb is calculated from the other tw o v alues 

In Vitro Change of Inactive Hemoglobin to Active Hemoglobin 

From Fig 3 and Table XI it is evident th3t during the first 2 hours after 
the blood v\as drawn and oxalated there was a definite trend towards a 
decrease m the inactive Hb This was due to increase m the active Hb, 
the total Hb showed no trend of change with time (see Table IX) A 
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similar trend of decrease of inactive Hb m intro was noted by Houghton, 
Darling, and Root (5) A summary of mean values for inactive Hb deter- 
mined bj analyses of blood made immediately after drawing and after in- 
ten als of standing at room temperature is given m Table XI Comparison 
of the ratios in the bottom row of figures of Table XI with their standard 



Fig 3 Inactive hemoglobin determined in bloods that had stood for varying 
intervals at room temperature after drawing Each solid line indicates inactive Hb 
values obtained with one blood The dash line with three points marked by circles 
indicates average results for inactive Hb, from Table XI The dash line with three 
points marked by triangles indicates average results for photometrically determined 
methemoglobin, from Table XI 

deviations indicates the improbability that the observed decreases m inac- 
tn e Hb with time can be due to analytical error 

Inactive Hemoglobin Other Than Methemoglobin 

Methemoglobin, determined m the freshly drawn blood by the photo- 
metric KCN method, was usually lower than the inactive Hb (Fig 3 and 
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Table XI) , in ten of the nineteen bloods the freshlj drawn blood showed 
onlj 0 to 0 3 per cent of the total Hb as methemoglobm, v alues within the 
limit of sensitivitj of the method 

Unlike the mactiv e Hb, the methemoglobm showed no consistent trend 
of change during 2 to 4 hours standing after the blood was drawn The 
total amounts determined were so near the limits of measurement that the 
observations cannot be taken as proof that the methemoglobm content, of 


Table XI 

Comparison of Results for Inactive Bb and Methemoglobm 


Hi term! determined 

No of 
bloods 

Per cent of total Hb &s inactive Hb or methemoglobm 



Penod III. Blood 
stood 2-4 hrs 

Mean 

SJ> 

from 

mean 

Mean 

1 S ‘ D l 

from | 
| mean | 

Mean 

SJD 

from 

mean 

Inactive Hb* 

19 

1 28 

±0 35 





Methemoglobm 

19 

0 36 






Inactive Hb*f 

10 

1 29 

± 0 35 

0 90 


0 56 

±0 23 

Methemoglobmt 

10 

0 41 

±0 44 

0 44 


0 33 

±0 44 

Ratio, inactive Hb of Penods 








II and III to inactive Hb 








of Penod I*ft 

10 



0 67 

±0 14 

0 44 

±0 20 


* Each inactive Hb value used is the mean of duplicates by different analysts 
t The ten bloods m this set are those of the nineteen in the first set on which inac- 
tive Hb and methemoglobm were determined in all three penods 

J For methemoglobm the ratios of values of Penods II and III to Penod I are not 
usable because about half the v alues are zero 

the blood did not change during the abov e observ ation penods in vitro, but 
they show little evidence of tendency towards such change 
The results indicate that freshlj drawn normal human blood maj' contain 
an average of about 1 per cent of its total hemoglobm (or material measured 
as “total Hb” bj the Na*SjCh-CO method) m an mactiv e form that resem- 
bles methemoglobm m its ability to bind CO onlj' after reduction of its 
Fe +J+ to re 1-1 ", but that differs from methemoglobm in not showing the 
methemoglobm color reaction with cj r amde, and m rapidly acquiring ability 
to combine with CO as the blood stands in intro However, the sum of the 
errors of the determinations of methemoglobm and inactive Hb is too great 
to permit making this conclusion definite 
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Discussion of Previous Determinations for Inactive Hemoglobin 

Ammundsen (4) (see the present Table I) by Van Slylce and Hiller’s (8) 
gasometnc CO method, modified by diluting the blood with a urea solution 
(50 gm per 100 ml ) instead of water, found m normal blood amounts of 
inactive Hb that scattered over a much wider range (up to 12 per cent of 
the total Hb) than those reported in the piesent paper 

Kallner (10, 10, a) also used the Van Slyke-Hiller method, with the 
modification that CO at about 200 mm tension was used to saturate the 
blood for determination of both active Hb and total Hb, whereas Van Slyke 
and Hiller, and Ammundsen, used this CO tension only for total HI), and a 
lower CO tension (25 to 40 mm ) for active Hb Kallner found that when 
fresh venous blood, diluted with water, was shaken m the Van Slyke-Neill 
gas chamber with CO at 25 to 40 mm pressure the saturation of Hb with 
CO was mcomplete, whereas if part of the COa of the freshly drawn blood 
was previously allowed to escape (by exposmg the blood to air in an open 
flask, or by inverting several times m a closed flask), shaking with CO at 
25 to 40 mm accomplished maximal binding of CO Kallner’s explana- 
tion was that loss of C0 2 from the blood increased its affinity for CO, and 
thereby accelerated the formation of HbCO When he shook with CO at 
30 to 40 mm tension diluted blood that had been exposed thoroughly to 
air, or shook freshly drawn diluted blood with CO at 200 mm tension, 
constant amounts of CO were bound, which were equal, within the limits 
of his experimental error ( ca ±1 per cent), to the amounts bound after 
treatment with Na^O* Hence Kallner concluded that normal blood 
contains no methemoglobm or other inactive Hb, and that Ammundsen’s 
positive values for mactive Hb (found in 40 per cent of her cases) were due 
to erroneously low active Hb values, caused by mcomplete saturation of 
the active Hb in analyses of freshly drawn blood We have not checked 
Kallner’s experiments, but they offer a possible explanation for the occa- 
sional high mactive Hb values obtained by Ammundsen 

Kallner’s own failure to observe definitely measurable amounts of inactive 
Hb may have been due partly to failure to use freshly drawn blood for the 
active Hb determination (see Fig 3, present paper), and partly to the use 
of a technique not quite adequate for measurement of the small amounts 
of inactive Hb that are left after the blood has stood for some time (In 
our experiments the mactive Hb 2 hours after the blood was drawn averaged 
only 0 4 per cent of the total Hb, equivalent to 0 08 volume per cent of CO 
capacity ) 

The fact that our values for mactive Hb cover a lower and narrower range 
than those of Roughton et al (5) may be due to the use of a techmque m 
the present experiments which achieved lower blanks, and presumably 
lower experimental error, than the procedure of Roughton ei al 
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Method of Choice for Gasomclnc Hemoglobin Determination 

For the most accurate blood hemoglobin \ alues at present obtainable bj 
gasometnc analj sis, and for standardizing other hemoglobm methods, the 
“total hemoglobm” procedure appears to be the method of choice Results 
in this papier indicate that measurements of actix e hemoglobm, bj 0» or CO 
capacitj , without use of reducing agents to change femhemoglobm to ferro- 
hemoglobin, will ordinanh gne results about 99 per cent as high as the 
total hemoglobm method, and ex en nearer 100 per cent if the blood stands 
an hour or more before being analj zed 
The case of idiopathic ejanosis reported bj r Roughton, Darling, and 
Root (5), m which 0 2 capacitj , CO capacitj , total Hb bj CO + Na-SjCh, 
and photometric hemoglobm determinations as cj anhemoglobm and alkali 
hematin, all gax e widelj di\ ergent results, indicates that hemopathological 
conditions, presumablj' rare, exist m which no method, gasometnc or photo- 
metnc, can be stated to gi\ e an exact measure of the hemoglobm present 
It is possible that m such conditions part of the pigment matenal present m 
the cells is not identical with either the hemoglobm or the methemoglobm 
of normal blood, m such a case different procedures for hemoglobm deter- 
mination, with factors x ahd for normal hemoglobm, could be expected to 
give different results A survej of pathological bloods, with simultaneous 
photometnc and gasometnc total Hb values and Fe determinations, is 
desirable to ascertain what pathological conditions are hkelj’ to produce 
anomalous hemoglobm denvatn es 

SUMMARY 

Improved techniques for determining blood carbon monoxide and total 
hemoglobm, active hemoglobm, and inactive hemoglobm bj' the carbon 
monoxide capacity procedures are desenbed 
In a senes of nmeteen freshty drawn normal human bloods rnactix e hemo- 
globm bj r the carbon monoxide method has been compared with methemo- 
globm determined bj the cyanide reaction with the photometnc procedure 
of Horecker and Brackett The analj’ses w ere repeated after the blood had 
stood at room temperature for x arj-mg mterx als up to 4 hours 
The mean methemoglobm by the photometnc procedure was onlj 0 4 
per cent of the total hemoglobm In about half the bloods the methemo- 
globm percentage observed was so low (0 0 to 0 3) that the presence of 
methemoglobm was uncertain The low methemoglobm values confirm 
Paul and Kemp The same ax erage value w as found whether the blood w as 
analyzed as soon as drawn or 2 or 4 hours later 
The mean inactive hemoglobm by the carbon monoxide method xxas 1 3 
± 0 35 per cent of the total hemoglobm when the analj'sis was started 2 
minutes after the blood was drawn The inactive hemoglobm decreased 
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as the blood stood at room temperature, and within 2 hours its average 
value fell nearly to the level of the photometrically determined methemo- 
globm 

For precise gasometnc hemoglobin determinations the “total hemo- 
globin” method, based on measurement of CO capacity after reduction of 
any fernhemoglobin present to ferrohemoglobm, is more exact than CO or 
Oj capacities measured without previous reduction of fernhemoglobin 
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THE EFFECT OF SUIffTONAMIDES ON RESPIRATORY 
ENZYMES 
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In recent years it has been established that sulfo nami des inhibit the 
respiration of certain bactena, j easts, and tissues This inhibition -was 
first observed on intact bactena by Barron and Jacobs (1), and it seems to 
occur simultaneously -with the cessation of growth m the presence of the 
sulfonamide (2) On the basis of numerous mv estigations, it can be as- 
sumed that certain relationships exist between sulfonamide inhibition of 
growth and of respiration Sulfonamides may affect these processes by 
mterfenng with the synthesis of the coenzymes necessary for respiration 
(3) However, it seems probable that the effect of sulfonamides on bac- 
tenal respiration is only indirectly linked to their effect on growth (4r- 7) 

The inhibitory effect of sulfonamides on respiration has not yet been 
completely explained, although a number of studies pomt m the direction 
in which further progress may be made It has been shown that sulfon- 
amides form dissociating complexes with enzymes and other proteins (8-15) 
and m sev eral such cases loss of enzyme activity w as found to result (16-21) 
The work of Dorfman, Rice, Koser, and Saunders (22) and Berkman and 
Koser (23) indicates that phosphopyndine nucleotides participate also m 
bacterial respiration and it explains the restoration of normal bacterial 
growth upon addition of pvndine nucleotides to the culture medium, m 
the presence of sulfonamides (24) It has also been reported that sul- 
fonamides inhibit the respiration of Plasmodium. I nowlesi m the presence 
of glucose (25), which may be indicative of interference with oxidation of 
carbohy drates 

In order to establish the pomt at which the drug interferes with respira- 
tion, it seemed of interest to mi estigate the effect of sulfonamides on each 
of the isolated components of the respiratory enzyme system mv olved in 
the oxidation of glucose-6-phosphate The tests applied here for the com- 
ponents of this system possess a high degree of specificity which permits 
conclusive evaluation of drug action The results thus obtained may 
contribute to a more precise understanding of the inhi bition caused by' 
sulfonamides 

Effect of Sulfonamides on Cytochrome Oxidase — Cytochrome oxidase was 

* Present address. Department of Biochemistry, University of Chicago 
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prepared and tested according to the method of Haas (26) Cytochrome 
c Mas prepaied according to Keihn and Hartree (27) Cytochrome oxi- 
dase actrutv nas determined after incubating the enzyme for 30 minutes 
to 2 hours at 25° Mith 0 55 X 10 -2 and 13 X 10 -2 m sulfanilamide No 
inhibition m as obsen ed under these conditions, thus confirming the findings 
of Mann and Iveilin (18) 

Effect of Sulfonamides on Cytochrome c — Cytochrome c was determined 
according to Haas (28) 2 0 mg of cytochrome c M’ere incubated for 

30 minutes m ith 0 1 X 1CT 2 and 2 1 X 10 -2 m sulfanilamide in 0 04 M 
phosphate buffer, pH 7 1, at 25° Inhibition of cytochrome c oxidation 
m as 17 and 18 5 per cent, respectn ely, for the tu r o concentrations Since 
the inhibition Mas slight and Mas obtamed only when the drug concen- 
tration Mas high, this effect probablj’' plays no r61e m the mode of action 
of the sulfanilamide 

Colliei (29), in studying the effect of sulfanilamide on the absorption 
spectrum of cytochrome c, has reported the reduction of cytochrome by 
this drug in concentrations of 0 4 X 10~ 2 m 

Effect of Sulfonamides on Cytochrome c Reductase— Cytochrome c re- 
ductase Mas determined by measuring spectrophotometncally the rate of 
reduction of cytochrome c in a system and under conditions in which cyto- 
chrome reductase is the rate-determining factor (30) The components 
of the system M'ere prepared as follou r s 

Glucose-G-phosphate Mas obtamed by the non-enzymatic method of 
Levene and Raymond (31) Triphosphopyndme nucleotide urns isolated 
from pig In er by an unpublished method of Warburg, Christian, and Gnese 
based in principle on that used by Warburg, Christian, and Gnese (32) 
for isolation of the nucleotide from blood corpuscles Zwischenferment 
Mas prepared from Canadian top ale yeast by the method desenbed by 
Haas ct al (30) Cytochrome c reductase n as also prepared according to 
Haas and his com orkers (30, 33) 

Cytochrome c reductase, m concentiations of 1 X 1CT 6 m, was incubated 
for 30 minutes u ith sulfanilamide in phosphate buffer, pH 7 5, as desenbed 
m Table I On the basis of these results, cytochrome c reductase does not 
appear to be the point of sulfonamide attack upon the respiratory enzyme 
system, and it seems more likely that the pomt of interference is at the 
dehydrogenase lei el The concentration of sulfonamides required for 
inhibition of cytochrome reductase is considerably higher than that required 
for Zvnschcnfcimcnt 

Effect of Sulfonamides on Triphosphopyndme Nucleotide and Glucose- 
G-phosphate Dehydrogenase — The oxidation of glucose-6-phosphate to 
phosphohexomc acid (34) is catalyzed by an enzyme whose protein moiety, 
Zwischenferment, and nliose prosthetic group, triphosphopyndme nucleo- 
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tide, form a dissociable complex (35) The effect of sulfonamides on this 
enzyme was subsequently m\ estigated by separate mcubation of the 
specific protein and the prosthetic group with sulfonamides at tarying 
concentration and temperature 

Effect of Sulfonamides on Tnphosphopyndme Nucleotide — 1 1 X 1CT 5 m 
tnphosphopyndme nucleotide w as incubated at 25° mth 0 7 X 10 -3 and 
1 4 X 10 -1 si sulfanilamide in the presence of 0 02 m phosphate buffer, 
pH S 3, and diluted 100 times after 30 minutes Tnphosphopyndme 
nucleotide activity was determined according to the micromethod of Haas 
d al (36) by which the rate of reduction of cytochrome c is measured as a 

Table I 

Effect of Sulfanilamide on Cytochrome c Reductase Activity 
Wave length, 550 ray, length of absorption cell 1 0 cm , temperature, 25°, gas 
phase, air 3 00 cc of 0 03 it phosphate buffer, pH 7 5, + 0 03 mg of tnphospho- 
pyndme nucleotide a- 2 S mg of glucose-6 phosphate -f 0 13 mg of Zmschenfcrmcnt 
-f 4 S mg of cytochrome c 






Experiment I\ 

Experiment 

Sulfanilamide con- 
centration, ir 
Cytochrome c reduc- 
tase concentra- 
tion, M 

4 4 X 10“» 

8 8 X 10~’ 

0 17 X 10- 5 

8 8 X 10"’ 

1 53 X 10- 5 

8 8 X 10"’ 

46X10-* 

8 S X 10~’ 


Rate of reduction of cytochrome 

c 


A log CyFe +iJ ' , 

at > mm - 

0 032 

0063 

0 063 

0 054 

0 042 

Inhibition, % 



0 

14 

333 


function of the tnphosphopyndme nucleotide concentration The results 
indicate that tnphosphopyndme nucleotide is not affected by sulfanilamide 
Inhibition of Zmschenferment by Sulfonamides — The determination of 
Zmschenfcrmcnt activity by ultraviolet spectroscopy' was not found to be 
feasible because of absorption of sulfonamides and protein-sulfonamide 
complexes m the ultraviolet region For this reason the Zimschenfermcnt 
activity was determined by measuring the rate of decolonzation of 2,6- 
dichlorophenol mdophenol under conditions in which this rate was pro- 
portional to the Zmschenferment concentration (28) 

It can be shown that Zmschenfermenl is strongly inhibited by sulfon- 
amides 0 4 mg of Zmschenfermenl was incubated for 30 minutes with 
the sulfanilamide m 15 ml of 0 001 5i pyrophosphate buffer, pH 7 9 
The enzvrre solution was then diluted to 3 00 ml and its activity tested 
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Incubation beyond 30 minutes did not result in increased inhibition The 
behavior of Zvnschenferment toward sulfonamides at varying temperatures 
and concentrations indicates that the drug forms a dissociable complex 
with this protein (Fig 1) The experimental evidence supporting this 
view is twofold First, incubating at lower temperature resulted m less 
inhibition, because at the lower temperature the concentration of free 
protein is diminished Secondly, the degree of inhibition depends upon 
the drug concentration because the ratio of sulfonamide to prosthetic 
group determines whether the enzyme protein participates m the formation 



Fig 1 Inhibition of Ziuischcnfermenl bv sulfanilamide and effect of temperature 
on this inhibition Wave-length, 600 ran, length of absorption cell, 1 0 cm , gas phase, 
air, 3 0 cc of 0 005 M pyrophosphate buffer, pH 8 1, + 0 01 mg of tnphosphopyridine 
nucleotide + 0 30 mg of hexose monophosphate + 40 mg of Zwischcnfcrmcnt + 
0 055 mg of 2,6 dicliloroplienol indophenol 

of the catalytically inactive drug-protein complex or whether the active 
prosthetic group-protein complex is formed 

Experimentation at 38° was not possible because of the lability of 
Zvnschenferment, the inhibition of Zvnschenferment activity has been 
calculated by extrapolation to be approximately 50 per cent for a con- 
centration of 1 X 10 -8 m sulfanilamide 

It may be mentioned that the mhibitorv effect of sulfonamides is con- 
siderably influenced by the medium durmg incubation, at constant sulfaml 
amide concentration and constant pH, the inhibition m pyrophosphate 
buffer was 4 times as great as in ammonium chloride-ammonium hydroxide 
buffer and 1 5 times as great as in phosphate buffer 

A practical application of these studies of drug action in mlro may be 
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found in the search for better chemotherapeutic agents whose effectiveness 
might be tested on such a system as is here employed This point is 
demonstrated bj comparing the inhibitory effect of a number of currently 
used sulfonamides TYhen compared on a molar basis, sulfanilamide was 
found to be the most effects e sulfonamide in the inactivation of the protem 
component of glucose-6-phosphate deh> drogenase (Table II) 

Antagonism between Tnphosphopyndme Nucleotide and Sulfonamides — 
Smce the formation of either the ach\ e protein-prosthetic group complex 
or the inactn e drug-protein complex depends upon the relative proportion 
of drug and prosthetic group present, the effect of sulfonamides on Zvnschen- 
fermenl was considered to be competitrv e in nature The results presented 


Table II 

Effect of Various Sulfonamides on Ztnschenfermeni 
Drug concentration, 0 006 M 



Inhibition 


fir ceni 

Sulfanilamide 

70 

Sulfapyndme 

62 

Sulfatluazole 

45 

N'-Benzoylsulfanilamide 

34 

Sulfadiazine 

25 


in Fig 2 indicate that inhibition of Zunschenferment bj sulfanilamide can 
be prei ented by simultaneous addition of prosthetic group This can be 
demonstrated bj incubating Zunschenferment with sulfanilamide and 
increasing amounts of tnphosphopyndme nucleotide 

Thus incubation of Zunschenferment with 1 X 10~* m tnphosphopyndme 
nucleotide affords almost complete protection of the enzyme protem against 
the effect of 6 X 10 -3 ii sulfanilamide The affimtj of the enzyme protem 
for the prosthetic group is, therefore, about 50 tunes greater than its 
affinity for sulf anilami de It maj be assumed that other drugs which 
resemble tnphosphopyndme more closelj than sulfanilamide may displace 
tnphosphopyndme nucleotide at ei en smaller concentrations 
Smce the sulfonamide-protein complex is catalyticallj inactive as 
glucose-6-phosphate dehj drogenase, the respiratory pathway is blocked 
at this point as a result of the irrei ersible reaction of sulfanilamide with 
protem As an illustration of the irrei ersibihty of the drug-Zunechen- 
ferment reaction, it may be noted that the addition of tnphosphopyndme 
nucleotide will not restore the actmt j of the enzyme once mactn ation has 
taken place As an indication of the specificity of tnphosphopyndme 
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nucleotide, it may be stated that p-ammobenzoic acid, as -well as split- 
products of tnphosphopyridine nucleotide such as nicotinamide, adenylic 
acid, and adenosme tnphosphate, is ineffective as a piotective agent for 
the protein moiety of the enzyme 

The mechanism of action of sulfanilamide on respiration may thus be 
concerted of as a displacement of the coenzyme tnphosphopyndme nucleo- 
tide by the sulfonamide resulting m an inactive dmg-Zwischenferment 
complex The formation of such a complex is prevented if a sufficient 
amount of specific prosthetic group is present while the protein is exposed 
to the action of the drug 



Fig 2 Protection of Zmschenfermcnt by tnphosphopyndme nucleotide Incuba- 
tion of Zmschenfcrmcnl with sulfanilamide and testing of Zmschenfermeni activity 
as described in Fig 1, but various concentrations of tnphosphopyridine nucleotide 
were added during incubation Sulfanilamide concentration during incubation, 
6 0 X 10- 3 m 

Protection of the Enzyme by Its Substrate — Competition of sulfanilamide 
and tnphosphopyndme nucleotide for the enzyme protein has been demon- 
strated and the mechanism of the inhibitory action of the drug was inter- 
preted as a displacement of the tnphosphopyndme nucleotide by the 
chemotherapeutic agent A second mechanism for sulfonamide action is 
found in the displacement of the substrate, glucose-6-phosphate, from the 
enzyme protein by the drug Tnphosphopyndme nucleotide is 200 times 
as effectne as glucose-6-phosphate m protecting Zmschenfermeni, which 
is probably due to the greater stability of the tnphosphopyndme nucleotide- 
Zvnschcnfcrmcnt complex (K = 10 -6 m) compared with the glucose-6- 
phosphate-protem complex (K = 10~ 3 m) (28) 
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In the experiments presented m Fig 3, 2 mg of Zmschenferment -were 
incubated with 5 5 X 10 -3 m sulfanilamide and various amounts of glucose- 
6-phosphate After 30 minutes incubation, the activity of the enzyme 
protein was tested as before Antagonism between sulfonamides and 
metabolic substrates has been suggested on the basis of experiments with 
living cells (37, 38, 22), but this effect can be demonstrated more clearh 
with isolated enzyme sj stems 

Effect of Svlfamlaimde on Lactic Dehydrogenase — On the basis of the 
experiments described m the preceding paragraphs, it seemed of interest 
to extend this investigation to other enzymes which require pyndine 



GLUC0SE-6-PH0SPHATE [moles xHteri 

Fig 3 Protection of Zmschenferment by glucose-6 phosphate Incubation of 
Zmschenferment with sulfanilamide and testing of Zwischenferment activitj as de- 
scribed in Fig 1, except that glucose-6 phosphate in various concentrations was added 
during incubation Sulfandamide concentration during incubation, 6 0 X 10~’ M 

nucleotides as the prosthetic group In order to test this pomt, lactic 
deli} drogenase was chosen, an enzyme containing diphosphopyndme 
nucleotide as the actn e group 

The enzyme was prepared according to Straub (39) and tested bj a 
method recently published by Speck and Evans (40), in which 2,6-dichloro- 
phenol indophenol is used to measure the rate of reduction of diphos- 
phopyndme nucleotide The results are presented in Table III 

Upon incubation of the protein moiety of lactic dehv drogenase with 
v arymg amounts of sulfanilamide for 30 minutes, a maximum inhibition 
of 34 per cent could be obtamed This indicates that sulfanilamide is 
less effective in displacing diphosphopyndme nucleotide, and that the 
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affinity of the drug for Zmschenferment is much greater than that for 
the protein moiety of lactic dehydrogenase 
Isolation of Zmschenferment and Tnphosphopyndine Nucleotide from 
Escherichia c oh — Assuming that one of the mechanisms by which sulfon- 
amides interfere with bacterial respiration is the displacement of tnphos- 
phopyridine nucleotide from Zmschenferment, it remams to be shown that 
Zmschenferment and tnphdsphopyridme nucleotide are present in bacteria 
The experiments of Barron and Fnedemann (41) on the oxidation of 
hexose monophosphates suggest the presence of Zmschenferment in certain 
bactena, but the enzyme has so far not been demonstrated in a cell-free 
extract 


Table III 

Determination of Lactic Dehydrogenase and Effect of Sidfamlamide 
Wave-length, GOO my, length of absorption cell, 10cm, temperature, 25° 3 0 cc 

of 0 02 m phosphate buffer, pH 7 2, + 0 15 mg of diphosphopyndine nucleotide + 
20 mg of lithium lactate + 65 mg of potassium cj amde + 0 055 mg of 2,6 dichloro 
phenol mdophenol 



Expen men t 

Experiment 

II 

Experiment 

III 

Experiment 

IV 

Experiment 

Sulfanilamide concentra- 
tion, u 

Lactic dehydrogenase, cc 

0 30 

0 50 

0 15 X 10"’ 

050 

3 1 X 10~’ 

050 

5 8 X 10-’ 

050 


Velocity of reaction (decolonisation of 2 6-dichlorophenol mdophenol, 
galvanometer deflection per 5 min ) 


67 mm 

104 mm 

94 mm 

78 mm 

69 mm 

Inhibition, % 



95 

25 

34 5 


Escherichia coli w as grown for 24 hours in batches of 10 liters in a medium 
containing glucose and Difco yeast extiact The bactena were centrifuged 
down and used for isolation of the enzyme 

Zmschenferment could be isolated in two nays (1) A bacterial paste 
(10 gm ) was ground m a bacterial mill according to the arrangement of 
Kalmtsky and couorkers (42) The bactenal juice thus obtained was 
extracted with 20 ml of 0 05 m phosphate buffer, pH 7 5, and dialyzed 
against running distilled u ater at 4° for 10 hours, after centrifuging a 
cell-free extract uas obtained (2) A bacterial paste (approximately 
15 gm) ttas allowed to autolyze for 4 days at room temperature m the 
absence of a preservative To the partially liquefied matenal 15 ml of 
distilled water tt ere added and a clear, cell-free solution was obtained after 
centrifugation 
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Zmschcnferment isolated by these two methods can be punfied further 
by precipitation from a COi-saturated solution by the principle outlined 
by Warburg and Christian (43) Appreciable amounts of the enzyme 
protem could be obtained in this way and were determined by following 
the rate of reduction of tnphosphopyndme nucleotide spectrophotomet- 
ncally at 340 m a according to the method described by Xegelem and 
Haas (35) 

In this way a minimum \alue for the Zwischenferment content of bacteria 
can be found which, for Escherichia colt, is of the order of 5 5 X 10~ 3 y per 


Table IV 

Effect of Sulfonamides on Respiratory Enzyme Activity and on Oxygen Consumption 
of Microorganisms and Tissues 



Temperature 

Sulfanilamide ! 
concentration j 

Inhibition 

Bibliographic 
reference No 


C 

u x. 10 * 

fet cent 


Cytochrome oxidase 

25 

1 3 

0 


M c 

25 

2 1 

30 


“ “ reductase 

25 

4 15 

30 


Tnphosphopyndme nucleotide 

25 

1 4 

0 


Zinschcnfermcnt 

25 

0 07 

30 



(37)* 

(0 014)* 

(30)* 


Escherichia coli 

37 

0 OS 

30 

(46) 

Staphylococcus albus 

37 

1 94 

12 

(47) 

Dysentery bacillus 

37 

0 12 

S0-95 

(22) 

Plasmodium knottiest 

37 

3 4 

53 

(25) 

Fertilized sea urchin egg 

25 

4 0 

45 

(7) 

Unfertilized sea urchin egg 

25 

4 0 

10 

(7) 

Frog shm 

24 

0 5 

40 

(48) 

Liver (slices) 

37 

26 

19 

(49) 


* The figures m parentheses are extrapolated from experimental data obtained at 
different temperatures 


mg of w et u eight of bacteria, as based on the purest preparation of Xegelem 
and Genscher (44) 

The ability of the enzyme protem isolated by the two procedures to 
function m the specific glucose-6-dehydrogenase system establishes the 
presence of Zwischenferment m Escherichia colt 

The presence of tnphosphopyndme nucleotide has been demonstrated 
in bactena by direct isolation from cell-free extracts prepared by one of 
the two methods desenbed above The extract was deprotemized with 
tnchloroacetac acid and the mercury salt of tnphosphopyndme was precipi- 
tated after neutralization with XaOH After decomposition of the mercury 
salt with H*S and treatment of the solution with banum acetate and cold 
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saturated barium hydroxide, tnphosphopyridme nucleotide was precipi- 
tated with alcohol The final product w'as tested m the specific test 
system described by Haas ct al (36) and could be substituted for tnphos- 
phopyridine nucleotide prepared from pig lrver The amount of triphos- 
phopyndme nucleotide present m Escherichia coli is of the order of 3 X 
10~ 3 7 per mg of wet weight of bacteria, which agrees quite well with 
the \ alues gn en for yeast (5 to 10 X 10 -3 7 per mg of fresh material) (45) 

The existence of the glucose-6-phosphate dehydrogenase thus is estab- 
lished in Escherichia coli It is presumably also present in a number of 
bacteria, particularly when the findings here reported are correlated with 
the work of Barron and Fnedemann (41) It lends further weight to the 
feasibility of the proposed mechanism for inhibition of bacterial respiration 
by sulfonamides 

Table IV summarizes the effect of sulfonamides on isolated respiratory 
enzymes, bacteria, tissues, eggs, and parasites Glucose-6-phosphate 
dehydrogenase is the respiratory enzyme we have found to be strongly 
inhibited by sulfonamides, and, therefore, attention is focused upon this 
enzyme as the possible point of interference by sulfanilamide Since 
certain bacteria are known to utihze glucose-6-phosphate and have been 
found to contain Zvnschenfcrmenl, it is concluded that respiration of the 
organism is inhibited by displacing triphosphopyridine nucleotide from 
Zvnschcnferment, thus interrupting the transfer of electrons from glucose- 
6-phosphate to cytochrome c 


SUMMARY 

1 The effect of various sulfonamide drugs on isolated respiratory 
enzymes and coenzymes has been investigated The activity of Zmschcn- 
fcrment is greatly inhibited by sulfonamides The effect of these drugs 
on cytochrome c, cytochrome c reductase, and lactic dehydrogenase is 
much smaller, whereas tnphosphopyridme nucleotide and cytochrome 
oxidase are not affected at all 

2 Addition of prosthetic group to the protein moiety of the dehydro- 
genase has been shown to protect the protein from the effect of sulfon- 
amides, but did not reverse the sulfonamide effect Therefore, sulfon- 
amides react irreversibly with Zwschenferment and compete with the 
prosthetic group for the protein moiety of the enzyme 

3 The enzyme protein combines more readily with its prosthetic group 
than with the sulfonamide tnphosphopyridme nucleotide wall counteract 
sulfanilamide in 50 times higher concentrations 

4 Antagonism between drug and substrate likewise has been demon- 
strated, since inhibition due to sulfonamides can be prevented by addition 
of glucose-6-phosphate 
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Simplification of the media for the microbiological determination of 
ammo acids can be accomplished m some instances by replacing most of the 
ammo acids with natural products This can be done when means are 
at ailable for preferential!} destroying or removing one or more of the 
ammo acids in the natural material Thus, a medium containing acid- 
hydrolyzed casern has been used b> Greene and Black (1) for the deter- 
mination of tryptophane and the medium used by Lewis and Olcott (2) 
for the determination of glutamic acid contained a casern hydrolysate from 
which the glutamic acid had been remov ed by autoclaving at pH 2 9 and 
extracting with ethyl acetate 

The preferential oxidation of methionine with hydrogen peroxide was 
studied by Toenmes and Callan (3) A method for removing not only 
methionine but also cystine, tryptophane, and tyrosine from peptone 
preparations by the use of hydrogen peroxide has been described by Lyman 
el al (4) It was shown that this type of preparation was satisfactory for 
use in media for microbiological tests 

The present communication describes a method for the determination 
of methionine with Leuconostoc mesenierozdcs as the test organism and a 
medium m which most of the ammo acid nitrogen is supplied by hydrogen 
peroxide-treated peptone 

One of the most useful methods for testing the reliability of assay v alues 
obtained by microbiological methods is to carry out the tests with more 
than one organism and, when practical, with more than one assay medium 
In this m\ estigation Streptococcus fae calls R was used as a second organ- 
ism Although hydrogen peroxide-treated peptone can be used in media 
for use with Streptococcus faecahs R, pure ammo acids were used instead 
in order that the medium as well as the organism should be different in the 
comparative tests 

Inasmuch as the methionine values obtained by Stokes (5) and co- 
workers with Streptococcus faecalis R are somewhat lower than most of the 
values obtained by chemical methods, it seemed desirable to determine 
methionine on the same hydrolysates with a chemical method as well as 
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with the two microbiological methods The colorimetric method of Mc- 
Carthy and Sulhvan (6), as modified by Csonha and Denton (7), was 
chosen for this purpose 


EXPERIMENTAL 

Determination of Methionine with Lcaconostoc Mesenteroides 

Organism — Leuconostoc mesenteroides P-60 was maintained by weekly 
transfers as stabs m solid medium containing the following ingredients 
peptomzed milk 1 per cent, tryptone 1 per cent, filtered tomato juice 200 ml 
per hter of medium, agar 1 per cent Washed cells from 18 hour cultures 
grown on a liquid medium of the same composition as above, except for the 
omission of the agar, were used to inoculate the tests 


Table I 

Medium* for Determination of Methionine with Leuconostoc mesenteroides 


HjO.-treated peptone 

15 gm 

Thiamine 

2 mg 

Glucose 

40 “ 

Pyridoxine 

4 “ 

Sodium acetate 

24 “ 

Calcium pantothenate 

4 " 

Ammonium chloride 

12 “ 

Riboflavin 

4 « 

l (— ) -Tryptophane 

100 mg 

Nicotinic acid 

4 “ 

dZ-Tyrosinc 

200 “ 

Biotin 

10 y 

l (— )-Cystine 

200 “ 

Folic acid (synthetic) 

3 “ 

Ademne sulfate 

20 “ 

p Aminobenzoic acid 

0 2“ 

Guanine 

20 “ 

Salt Solution If 

10 ml 

Uracil 

20 " 

“ “ 2| 

10 “ 



“ “ 3§ 

10 “ 



Neutralize and dilute to 1 liter 



* Medium for 200 cultures of 10 ml final volume (5 ml of the above medium per 
culture) 

t Salt Solution 1, Iv HPO< 25 gm , KH*PO< 25 gm , water 250 ml 

f Salt Solution 2, MgSO< 7H O 10 0 gm , NaCl 0 5 gm , MnSO< 4HjO 0 5 gm , 
water 250 ml 

§ Salt Solution 3, FeSO ( 7H ; 0 0 5 gm , water 250 ml 

Medium — The composition of the medium used for the determination 
of methionine with Leuconostoc mesenteroides is given in Table I The 
glucose, ammonium chloride, and sodium acetate are added as solids and 
the rest of the ingredients from stock solutions preserved with a httle tolu- 
ene and stored in the refrigerator 

The stock solution of hydrogen peroxide-treated peptone is prepared as 
follows 50 gm of Bacto-peptone are dissolved m 250 ml of water and 
250 ml of 2 N HC1 are added after the peptone is completely dissolved 
0 025 mole of hydrogen peroxide (2 8 gm of 30 per cent H 2 0 2 ) is added 
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and the solution allowed to stand overnight at room temperature The 
material is then steamed tor 30 minutes at atmospheric pressure, stirred 
while hot, cooled, neutralized with sodium hydroxide, and steamed again, 
this time for 1 hour The purpose of the second steaming is to decompose 
any hydrogen peroxide which is not used up by the oxidative reactions 
The preparation is ready for use after diluting to a final volume of 1 liter 
A reagent grade of hydrogen peroxide which does not contain any preserva- 
tive should be used 



<11 — METHIONINE — GAMMA PER TUBE 

Fig 1 Typical Btandard curve for the determination of methionine with Leu- 
conosioc mesmiermdes Titration values are for 5 ml aliquots from 10 ml cultures 

In the preliminary phases of this investigation more hydrogen peroxide 
was used than is recommended here An improvement m the medium 
was obtained when the treatment of the peptone was earned out as indi- 
cated above 

Assay Procedure — Titration of the acid produced after 4 days incubation 
was used as a measure of the growth of the organisms The general pro- 
cedure for carrying out the assays was the same as previously used for 
ammo acid assays with Lactobacillus arabinosus (8), with the following 
exceptions A constant temperature water bath at 35° was used instead of 
an incubator The penod of incubation was 4 days instead of 3 days 

Standard Curve — A typical standard curve is shown in Fig 1 The slight 




164 


METHIONINE DETERMINATION 


dip in the curve is not a matter of chance but always occurred with this 
medium 


Determination of Methionine with Streptococcus faecalis R 

Medium — The composition of the medium used for the determination of 
methionine with Streptococcus faecalis R is given in Table II In this 
medium a buffer consisting of a mixture of sodium succinate and sodium 
acetate is used instead of sodium acetate alone Streptococcus faecalis is 
not very well adapted to growth m acid solution Both sodium succinate 


Table II 

Medium* for Determination of Methionine with Streptococcus faecalis R 


Glucose 

40 gm 

dZ-Alamne 

400 mg 

Succimc acid 

20 “ 

' Z(+)-Argimne 

400 “ 

Sodium acetate (anhydrous) 

6 “ 

dl Aspartic acid 

800 “ 

Adenine sulfate 

10 mg 

l (— ) Cystine 

400 “ 

Guanine 

10 “ 

dl Glutamic acid 

800 “ 

Uracil 

10 “ 

Glycine 

400 “ 

Xanthine 

10 “ 

l (— )-Histidine 

400 “ 

Riboflai in 

1 “ 

rfZ-Isoleueine 

400 “ 

Niacin 

2 “ 

dl-Lcucine 

400 “ 

Pyridoxanune 

OS" 

f(+)-Lysine 

400 » 

Thiamine chloride 

0 4“ 

(ff-Phenylalamne 

400 “ 

Calcium pantothenate 

0 4“ 

l( — )-Proline 

400 “ 

Biotin 

27 

dl Serine 

400 “ 

p Aminobenzoic acid 

2 “ 

dZ-Threonine 

400 “ 

Folic acid (synthetic) 

10 “ 

Z(— ) Tryptophane 

200 “ 

Salt Solution 1 

10 ml 

rfZ-Tyrosine 

400 “ 

" “ 2 

10 “ 

dZ-Yaline 

400 “ 

“ “ 3 

10 “ 




Add 12 gm of NaOII pellets and finish neutralizing with NaOH solution Dilute 
to 1 liter 

* Medium for 200 cultures of 10 ml final volume (5 ml of the above medium per 
culture) 

and sodium citrate exert a strong buffering action at a pH range closer to 
neutrality than the effective range of an acetate buffer The result of using 
either of these substances as buffers in media for Streptococcus faecalis R 
is to increase markedly the amount of acid formed by the organism So- 
dium succinate has the advantage of producing less caramehzation upon 
sterilization Of the medium 

Assay Procedure — With a few exceptions, the method of handling the 
organism and of conductmg the tests with Streptococcus faecalis R was the 
same as for Lcuconostoc mesenteroides The period of autoclaving the tubes 
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for sterilization was reduced to 10 minutes The incubation time was 
3 days 

Standard Curve — A typical standard curve is given in Fig 2 

Determination of Methionine by Colorimetric Method 

The method used was that of McCarthy and Sullivan (6), as modified 
by Csonka and Denton (7) The phospho-24-tungstic acid used for the 
precipitation of the basic amino acids was prepared according to the 
method of Wu (9) 



Fig 2 Ti pica) standard cun e for the determination of methionine with Strepto- 
coccus faecahs R Titration values are for 5 ml aliquots from 10 ml cultures 

Hydrolysis of Proteins and Foodstuffs 

Except when otherwise stated, the prot eins and foodstuffs were hydro- 
lyzed by refluxing 0 5 to 2 0 gm samples with 100 ml of 6 x HC1 for 24 
hours Most of the hydrochloric acid was removed by distillation at 
reduced pressure on the water bath The hydrolysates were then neu- 
tralized and diluted to 100 ml m a volumetric flask If a precipitant was 
present, it was remo\ ed by filtration after diluting to volume 

Preparation of Egg Albumin 

Egg albumin was prepared from fresh eggs A cry stalhne product was 
obtained by the method of Ketwick and Cannau (10) The material was 
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then coagulated in hot water as described by Chibnall, Rees, and Wil- 
liams (11) ' 


RESULTS AND DISCUSSION 

Before the hydrogen peroxide-treated peptone was adapted for use m the 
Leuconosioc methionine medium, various modifications of a medium con- 
taining pure ammo acids were tried m an attempt to improve the regularity 
of the standard curves and the reproducibility of the assay values No 
modification of the pure ammo acid medium was found which gave as con- 
sistently satisfactory results as the treated peptone medium 
Specificity tests with Leuconostoc mesenteroid.es and Streptococcus faecalis 
R showed that neither organism can use the non-natural or d form of 
methionine and that pure dZ-methiomne is a satisfactory standard since 
it is exactly one-half as active as l (— )-methiomne Homocystine and 
homocysteme were inactive for both organisms 
A study was made of the conditions necessary for the complete liberation 
of methiomne from protems by acid hydrolysis The following three 
hydrolysis procedures gave methionine values which were m excellent 
agreement (1) refluxing for 24 hours with 6 N hydrochloric acid, (2) re- 
fluxing for 24 hours with 6 n sulfunc acid, and (3) autoclaving at 15 pounds 
pressure for 6 to 8 hours with 3 N hydrochloric acid Although autoclaving 
with 1 n hydrochloric acid has been successfully used for the hberation of 
certain other ammo acids, this procedure proved to be unsatisfactory for 
methionine Autoclaving for 8 hours or even longer with 1 n hydrochloric 
acid always gave low results 

Recoveiy tests with both assay orgamsms were carried out on a variety 
of different materials In some of these tests the methionine was added 
to the materials before hydrolysis and m other tests the methionine was 
added to the neutralized hydrolysates Satisfactory recoveries ranging 
from 97 to 102 per cent were obtained with both types of tests Agreement 
between the values obtained at different test levels was a little more satis- 
factory with Leuconosioc mesenicroides than w ith Streptococcus faecalis R 
As a preliminary experiment m the comparison of the three methods for 
determining methiomne, two mixtures of pure ammo acids were analyzed 
for their methiomne content With regard to the colorimetric method, 
evidence v r as desired concerning the following points It is knowm that 
phosphotungstic acid precipitates carry down with them some of the mono- 
amino acids Does the use of phosphotungstic acid for the removal of the 
basic ammo acids, as recommended by Csonka and Denton, result m an 
appreciable loss of methiomne? The second question is, does the glycine 
content of protems and foodstuffs seriously interfere wnth the accuracy of 
this method? 
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Amino acid Test Mixture 1 (Table HI) was patterned m a general way 
after the ammo acid composition of casern Since tryptophane is destroyed 
during acid hjdrolysis, it was omitted Ammo acid Test Mixture 2 was 
the same as Test Mixture 1, except that the glycine was increased from 5 to 
100 mg The ratio by weight of the methionine content to the glycine 
content m Test Mixture 2 a as therefore 1 4 


Table III 

Amino Acid Test Mixture 1 



mz 



Alanine 

55 

Leucme 

90 

Arginine 

40 

I >smc 

70 

Aspartic acid 

60 

Methionine 

25 

Cystine 

4 

Phenjlalanme 

50 

Glutamic acid 

230 

Prolme 

SO 

Gljcine 

5 

Senne 

60 

Histidine 

25 

Threonine 

40 

Hj droxj proline 

20 

Tyrosine 

60 

Isoleucine 

60 

Valine 

60 


Table IV 


Methionine Analyses of Amino Acid Test Mixtures 


Analytic*! method 

Test Mixture 1 

Test Mixture 2 

Methionine 

found 

Recovery 

Methionine 

found 

Recovery 


tni 

Per cent 

«r 

fer cent 

Chemical, McCarthy and Sullivan, 





modified bj Csonha and Denton 

25 3 

101 2 

24 3 

97 2 

Microbiological, Lcueonostoc mesenler 





oidcs 

24 8 

99 2 

25 0 

100 0 

Microbiological, Streptococcus faecahs R 

24 6 

98 4 

25 2 

100 8 


The results of the analyses given in Table IV indicate that the use of 
phosphotungstic acid for the removal of the basic ammo acids does not 
result m a significant loss of methionine and that for the purpose of et alu- 
atmg foodstuffs a glycine content of 4 times that of methionine does not 
seriously interfere with the usefulness of the method The figures given 
in Table IV are averages of \ alues obtained at fh e different test levels 
Values for the methionine content of a few natural products as deter- 
mined by the three different procedures are gu en m Table V Possible 
sources of errors would be expected to be quite different in the chemical 
and microbiological methods Substantia] agreement between the values 

















1 


! 


168 METHIONINE DETERMINATION 

obtained by the three methods was therefore considered as evidence in favor 
of the reliability of the methionine analyses 
In determining the methionine content of foodstuffs containing relatively 
large amounts of carbohydrates, one of the important problems is to make 
certain that the hydrolysis of the material is accomplished without undue 
loss of methionine as a result of humin formation or other causes In this 
investigation an attempt was made to evaluate the effect of humin forma- 
tion on the loss of methiomne by hydrolyzing casein in the presence of 
various carbohydrates The casein carbohydrate mixtures were refluxed 


Table V 

Comparison of Three Methods for Determining Methionine Effect of Presence of Carbo 
hydrates during Hydrolysis of Protein 


Material analyzed 

Methiomne found in p 

Microbiological method with 

irotein 

Chemical 

method 

Leuconostoc 

mescnteroidcs 

Streptococcus 
faecolts R 


per cent 

ter cent 

per cent 

Beef loin* 

2 52 

2 52 

2 45 

“ liver* 

2 34 

2 24 

2 27 

Caseinf 

2 72 

2 58 

2 57 

“ hydrolyzed in presence of equal 




weight of sucrose 

2 42 

2 42 

2 41 

Casein hydrolyzed in presence of equal 




weight of arabinose 

2 49 

2 55 

2 46 

Casein hydrolyzed m presence of equal 




weight of starch 

2 45 

2 46 

2 42 


* Protein content calculated as nitrogen content X 6 25 
t Difco isoelectric casein, values not corrected for moisture and ash 


for 24 hours with 6 n hydrochloric acid Methionine was then determined 
in the hydrolysates by three different methods 

The data given m Table V show that a small but measurable loss of 
methiomne did take place These data suggest that the loss of methionine, 
which takes place when such products as wheat and com are hydrolyzed 
with strong mineral acids, is probably not large enough seriously to interfere 
with the usefulness of the methiomne values 

Further work is needed to find a method of eliminating this loss Hydrol- 
ysis with hydnodic acid reduces the amount of humin formation but is 
unsatisfactory when microbiological methods are to be used for the deter- 
mination of methiomne because methiomne is demethylated by hydriodic 
acid It is known that basic hydrolysis results m the destruction of 
methiomne 
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Table IT gi\ es the methionme content of some proteins as determined 
by the use of Lcuconostoc mesenteroides and Streptococcus faecalts R The 
values obtained by the two organisms are m substantial agreement, al- 
though most of the values obtained with Leuconosloc are a few per cent 
higher than the values obtained with the other organism Because of 
better agreement at different test levels, the values obtained with Leu- 
conosloc were considered to be the more accurate 
The ash content of the casern sample was high, but the nitrogen content 
indicates that the sample was probably reasonably free from other im- 
purities The methionme value for casern obtained with Leuconosloc 


Table VI 

Methionine Content of Some Proteins Ar Determined by Tiro Microbiological Methods 
Nitrogen and methionine values corrected for moisture and ash 





Methionine content 

Protein analj-zed 

Ash 

content 

Nitrogen 

content 

Test 

organism 

Leuamoiioc 

mcsenScrtndes 

Test 
organism 
Streptococcus 
faecalts R 

Crystalline egg albumin 

Per caH 

0 17 

P<r cent 

15 56 

■ 

Percent 

4 48 

Casein, Difco isoelectric 

1 33 

15 50 

■ 

2 81 

Bovine plasma albumin* 

0 53 

16 14 

0 81 

0 77 

Blood fibrin, Wilson 

1 OS 

16 06 

2 18 

2 14 

Zeinf 

0 34 

15 20 

1 65 

1 5S 

Gelatinf 

1 06 

17 84 

0 88 

0 S3 

Hemoglobin! 

2 2S 

15 65J 

1 51} 

1 53} 


* Cnstalline product obtained from the Armour Laboratories 
t Commercial products 
| Corrected for moisture but not for ash 


mesenteroides, when calculated to a moisture- and ash-free basis, becomes 
2 96 per cent Recently, Dunn (12) and coworhers have described a micro- 
biological method for the deter mina tion of methionme m which Lactobacillus 
fermenti is used as the test organism The methionme content of casern 
reported by these workers was 3 03 per cent (corrected for moisture and 
ash) These values are m good agreement with the methionme content of 
casern as deter min ed by a number of different chemical procedures (13-17) 
In general, the values obtained by the volatile iodide method (18) are 
somewhat higher 

Using their modification of the colonmetnc method, Csonha and Denton 
(7) obtained a value of 2 72 (corrected for moisture and ash) for the methi- 
onme content of casern The value of 2 57 (uncorrected) obtained by the 
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present authors by this same ipethod becomes 2 80 when corrected for 
moisture and ash 

The methionine content of crystalline egg albumin as reported here is m 
good agreement with the values obtained by Lavine (17) by both the 
penodide titration method and the homocystme method The figures 
previously reported by Kassell and Brand (14) are substantially higher 
The literature values for the methionine value of crystalline egg albumin 
show considerably less agreement than is the case with casein For ex- 
ample, Csonka and Denton (7) reported a value of 3 73 for the methionine 
content of their sample of egg albumin 


Table VII 


Methionine Content of Some Foodstuffs 


Material analyzed 

Protein 

Moisture 

Methionine 
in foodstuffs 

Methionine 
in protein 


Per cent 

per cent 

per cent 

per cent 

Wheat 

15 36 

10 94 

0 197 

1 28 

Corn 

8 03 

12 74 

0 167 

2 08 

Kafir 

9 88 

12 40 

0 150 

1 52 

Oatmeal 

14 76 

11 44 

0 236 

1 60 

Dried ekim milk 

33 44 

6 80 

0 872 

2 61 

Lamb chop 

20 91 


0 512 

2 45 

Pork liver 

20 44 


0 447 

2 19 

Peanut meal 

38 69 

7 25 

0 297 

0 77 

Cottonseed meal 

43 19 

9 50 

0 615 

1 42 

Soy bean meal 

43 32 

12 02 

0 574 

1 33 

Alfalfa leaf meal 

21 32 

5 85 

0 255 

1 20 


The methionine values obtained m the present investigation by the use 
of Streptococcus faecalis R are significantly and consistently higher than 
those obtained by Stokes ct al (5) with the same organism but a different 
medium 

The methionine content of some foodstuffs is given m Table VII These 
data were obtained by the use of Leuconostoc mesenleroides 

This investigation was supported in part by a grant from the American 
Meat Institute 

The authors wish to express their appreciation to the Lederle Labora- 
tories, Inc , for the synthetic fohe acid used in this investigation 

SUMMARY 

A method for determining methionine in proteins and foodstuffs by the 
use of Leuconostoc mesenleroides is described In this method a simplified 
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medium is used in which most of the ammo acid nitrogen is supplied by 
hydrogen peroxide-treated peptone 

Methionine was determined m a variety of natural products by the use 
of Streptococcus faecalts R as well as with Leuconostoc mesenterendes The 
two microbiological methods were checked against each other and also 
against a colorimetric method for determining methionine Substantially 
the same \ alues w ere obtained with all three methods 
Tests in which casern w as hydrolyzed with acid in the presence of various 
carbohydrates showed that the presence of the carbohydrates during 
hydrolysis resulted in a small but measurable loss of methionine 
The methionine content of some proteins and foodstuffs is gn en 
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THE METHIONINE CONTENT OF MEAT 
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The purpose of t his investigation was to obtain information on the methi- 
onine content of different kinds of meat, to determine the variability which 
occurs m different sam ples of the same kind of meat, and to compare the 
methionine content of corresponding organs and tissues from cattle, hogs, 
and sheep 

Methionine y\ as determined m the samples by the use of a microbiological 
method developed in the authors’ laboratory In this method Leuconosloc 
mesenteroides is utilized as the test organism Studies designed to test the 
reliabihtj of the assay procedure hav e been described in a previous report 
(1) Substantially the same values were obtained for the methionine con- 
tent of a \anety of different natural products by the use of two distinct 
microbiological methods, the method used in the present investigation 
and a method in which Streptococcus faecalis R is utilized as the test or- 
ganism 

In order to obtam meat samples which could be preserved for later m- 
v estigations, the materials were dehydrated from the frozen state, ex- 
tracted with anhj drous ether, and stored m desiccators m the refrigerator 
The equivalence of the dehydrated samples m terms of fresh meat was 
known from nitrogen determinations on the freshly ground moist samples 
and on the dehydrated preparations Corrections were made to take into 
account the small amount of mtrogen which was extracted from certain 
kinds of meat by anhj drous ether 

A simple but very effectn e apparatus for dehydrating small samples of 
biological materials from the frozen state is described in this report 

EXPERIMENTAL 

Preparation of Samples — The different cuts of meat which consist pri- 
marily of muscle tissue were obtained at the College meat laboratory at the 
time the carcasses w ere cut up This was usually after 4 to 7 days m cold 
storage The various organs were obtained within 2 or 3 hours after the 
animals were killed Some lands of meat, such as In er, tend to lose mois- 
ture if kept m cold storage very long The above precautions sen ed to 
pre\ ent variations in the samples due to this cause Records of the animals 
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were kept so that it could be known with certainty that the different samples 
of the same land of meat all came from different a nim als 
In the preparation of the samples for analyses, obvious layers of fat and 
large pieces of gnstle were discarded The meats were ground first with a 
food chopper and then with a Latapie gnnder Care was taken so that 
none of the juice was squeezed out and lost Samples were taken immedi- 
ately for nitrogen determinations and the balance of the maternal de- 
hydrated from the frozen state The dried material which was porous and 
crisp was ground in a mortar and then extracted with anhydrous ethyl 



Fig 1 Apparatus for the dehydration of small samples of ground meat or other 
biological materials from the frozen state 1 , inverted Pyrex desiccator, 2 , Petn 
dishes containing samples, 3, cylinder of screen wire, /, dnerite or other granular 
desiccant, 6 , cylinder of light weight sheet iron, 6 , small cylinder containing cotton, 
covered with screen wire, 7 , standard taper Pj rex joint, No 34/45, 8 , vacuum pump 

ether Samples which did not powder well on the first grin din g were re- 
ground after the ether extraction Nitrogen determinations were made 
on the dried powder and on the extracted fat In a few cases the nitrogen 
m the fat amounted to as much as 1 per cent of the total nitrogen When 
this was the case, the mtrogen content of the extracted fat was taken into 
consideration in calculating the equivalence of the dried samples m terms 
of fresh meat 

The equipment used for the dehydration of the samples is shown m Fig 1 
This apparatus can be readily assembled from parts which are usually on 
hand m a biochemical research laboratory The light metal cylinders, 
Nos 5 and 6 on Fig 1, are fastened to the desiccator top with adhesive tape 
The desiccator bottom, which serves as a cover for the apparatus, can be 
easily removed for introducing or removing the samples Because of the 
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short vapor path, a good vacuum is maintained in the apparatus The 
evaporation is rapid enough so that samples introduced at room tem- 
perature become frozen m 5 to 10 minutes They stay frozen until prac- 
tically all of the moisture is gone 

Hydrolysis of the samples in preparation for the methionine determina- 
tions was earned out by refluxing 0 5 gm samples with 100 ml of 6 N 
hydrochlonc acid for 24 hours Most of the h> drochlonc acid was distilled 


Table I 

Methionine Content of Meals 





Methionine in fresh tissue 


MetH 

Tissue 

Simple 1 

Sample 2 

Sample 3 

Average 

methi 

omne 

content 

omne m 
protein,* 


Pro- 

tein 

Methi 

omne 

Pro- 

tein 

Methi 

omne 

Pro- 

tein 

Methi 

cmine 

values 



Percent 


per cent 

percent 

percent 


Per cent 

Beef loin 

ftiR 

0 52 


0 55 


0 54 


2 47 

“ brisket 
“ round 

m 

0 48 

0 55 



21 32 

0 52 

0 51 

0 52 

2 47 

2 50 

Pork loin 


0 49 

20 67 

0 51 


0 50 

0 50 

2 44 

Lamb chop 

B 

0 47 

20 91 

0 51 

E 

0 47 

0 48 

2 42 

Beef liver 

■tip 

0 40 

18 56 

0 41 

18 69 

0 41 

0 41 

2 23 

Pork “ 

19 91 

0 41 

K|E!J 

0 45 

IS 09 

0 40 

0 42 

2 18 

Lamb " 

E 

0 47 

E 

0 39 


0 43 

0 43 

2 07 

Beef tongue 

17 65 

0 40 

16 15 

0 3S 


0 3S 

0 39 

2 26 

Pork « 

16 31 

0 39 

16 25 

0 3S 

15 18 

0 3S 

0 38 

2 41 

Beef heart 

■SEE 

0 42 

gfl 

0 42 

17 28 

0 42 

0 42 

2 3S 

Pork “ 

17 59 

0 42 


0 38 

16 8S 

0 39 

0 40 

2 36 

Lamb t{ 

16 62 

0 36 

16 41 

0 36 

16 12 

0 35 

0 36 

2 19 

Beef kidney 

16 95 

0 36 

IS 22 

0 38 

■ kFP] 


0 37 

2 09 

Pork « 

15 72 

0 33 

illil 

0 32 

15 56 

0 32 

0 32 

2 11 

Lamb “ 

15 94 

0 32 

15 56 

0 30 

15 54 

0 30 

0 31 

1 99 

Beef brain 

10 75 

0 22- 


0 21 

10 55 

0 21 

0 21 

2 10 

u thymus 


0 22 


0 23 

Mm 


0 22 

1 40 

“ spleen 

im 


18 35 


H 



1 93 


* This is equivalent to calculating to 16 per cent nitrogen 


off on the water bath at reduced pressure Water was added and the 
solution neutralized with sodium hydroxide If any precipitate was pres- 
ent, it was removed by filtration after diluting to a definite volume Methi- 
onine was determined on aliquots by the method of Lyman et al (1) 

RESULTS AND DISCUSSION 

Table I shows the protein and methionine content of the fresh meat 
samples and also the average methionine content of the meat proteins 
In general, the variation in the methionine content of different samples 
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of the same kind of meat was quite small Tender cuts of meat such as 
lorn contained no more or no less methionine than such cuts as brisket 
In fact, cuts of meat which consist mostly of muscle tissue all had very 
nearly the same methionine content, whether they were from beef, pork, 
or lamb It should be kept in mind that in this investigation obvious 
layers of fat and gnstle were removed during the preparation of the samples 

The proteins of the various organs showed significant differences in them 
methionine content but the protein of the same organ from beef, pork, and 
lamb all had about the same methionine content 

Only a very limited number of values for the methionine content of 
different kinds of meat are to be found in the literature Beach, Munks, 
and Robinson (2) applied both their gravimetric method and the Mc- 
Carthy-Sulhvan (3) colorimetric method to the determination of methionine 
m animal tissue proteins The values reported by Beach and coworkers (2) 
are somewhat higher than the values given in Table I of the present report 

Recently, Csonka and Denton (4) have pointed out a source of error in 
the original colorimetric method and have proposed a modified procedure 
Using the modified method, Lyman et al (1) obtained values for the methio- 
nine content of beef liver and beef lorn which are m substantial agreement 
with the values reported in the present communication 

SUMMARY 

The methionine content of 56 samples of meat was determined by a 
microbiological assay procedure The test organism was Leuconosloc 
mesenteroides 

The samples of meat included beef lorn, round, brisket, liver, heart, 
kidney, tongue, bram, thymus (sweetbreads), and spleen as well as pork 
lorn, liver, heart, kidney, and tongue and lamb chops, liver, kidney, and 
heart 

Variations m the methionine content of the same kind of meat, taken 
from different individual animals, were very small Furthermore, the 
methionine content of a given type of tissue was very nearly the same, 
regardless of whether it came from beef, hog, or sheep Some differences 
were found between the methionine content of the protem material of the 
different organs such as hver, heart, kidney, and bram 

This investigation was supported by a grant from the American Meat 
Institute 
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For purposes of nutritional surveys and experimental studies, it was 
found necessary to have a method for measuring vitamin A and carotene 
on 0 1 ml or less of serum m order that finger blood might be utilized or 
that undue amounts of blood need not be withdrawn from small expen- 
mental animals Existing methods require at least 1 ml of serum (1-4) 
and therefore necessitate x empuncture, which is time-consuming and for 
which consent is often difficult to obtam from subjects, particularly chil- 
dren, of a nutntional survey It was also felt necessary to establish a pro- 
cedure whereby large numbers of analyses could be performed without the 
expenditure of undue analytical time 
The usual Carr-Pnce (5) (antimony tnchlonde) reaction for vitamin A 
presents great difficulties when attempts are made to adapt it to small scale 
work The volatility of the solvents used, petroleum ether and chloroform, 
makes the necessary manipulations very difficult and ex en slight ex apora- 
tion of the chloroform results in condensation of moisture, with resultant 
turbidity from the antimony tnchlonde reagent Furthermore, the 
evanescent nature of the blue color obtained renders colorimetry very 
difficult on a small scale Therefore, attention w as directed to the measure- 
ment of vitamin A bj its absorption m the ultraviolet (328 mu') m spite. 
oPthe tact t hat the color i ntensity is o nly about one-third as great as with 
the antunonytnchlonde reagenf The direct ultraviolet absorption of 
vitamin A lias been greatly limited m analytical usefulness except for 
measurements of high potency oils, owing to its non-specific! tj , since other 
compounds likely to be present contribute to the absorption at 328 my 
(6, 7) However, Little (8) has partially circumvented this difficulty by 
measuring the absorption before and after irradiation with ultraviolet light 
of wave-lengths 310 to 400 my, which destrojed chiefly vitamin A m the 
oils and tissues tested Little’s paper (8) gixes references to those who 
previously made use of this principle on a limited scale and max anety of 
ways for the analysis of foodstuffs Chexallier el al (9) haie used an 
irradiation method m measurement of vitamin A m larger \ olumes of serum 
Howei er, the possibilities of this technique hai e nex er been fully explored, 
particularly m reference to blood analysis 
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By utilizing a destructive irradiation technique it has been possible to 
develop a satisfactory method for measuring vitamin A and carotene in 
60 c mm (0 06 ml ) of serum Even smaller volumes of serum (35 c mm ) 
can be used, if greater attention is paid to technical details With this 
procedure, one analyst can measure the vitamin A and carotene in at least 
50 sera in a working day 

The proposed method depends on (1) saponification and extraction of the 
vitamin A and carotene from serum on a micro scale with solvents of low 
volatility, (2) measurement of the hght absorption of the small volumes at 
328 and 460 mg, (3) destruction of the vitamin A absorption at 328 mg 
without affecting the absorption of other compounds at this wave-length, 
and (4) remeasurement of the absorption at 328 mg 

Reagents and Apparatus — 

1 1 N KOH in 90 per cent ethyl alcohol (1 volume of 11 N KOH plus 
10 volumes of absolute alcohol) The reagent should be prepared the day 
it is used If color develops rapidly or if the reagent gives a blank, the 
alcohol should be refluxed with KOH and redistilled before use 

2 Kerosene-xylene mixture (11) Xylene, c p , and odorless (water- 
white) reagent kerosene (obtainable from Eimer and Amend, New York) 

3 Test-tubes 10 cm X 3 mm , 20 cm lengths of tubing, 3 0 to 3 5 mm 
internal diameter, are cleaned by boiling in half concentrated nitric acid, 
rinsed, dried, and divided m the middle with a hot, narrow, blast lamp 
flame to yield two tubes ready for use Pyrex tubes have been used but 
presumably soft glass would be satisfactory and easier to seal m the flame 1 

4 Soft glass tubes similar to those described above but only 4 cm long 
and 2 5 to 3 0 mm internal diameter These are made and cleaned in the 
same fashion 1 

5 Lang-Levy constriction pipettes, 60 c mm (10, 11) It is desirable 
to have the upper constriction quite small to permit the pipetting of the 
organic solvents with low surface tension If the tip is slender and the 
bend in the end very short, it wall facilitate the measurement of samples 
into the long narrow tubes 

6 General Electric B-H4 mercury discharge lamp with purple envelope 
and with its special transformer 

7 Arrangement for irradiating samples in the soft glass tubes (Fig 1) 
"When the racks are in position around the lamp, the brightest part of the 
hght source should be opposite the low er half of the tubes so that this por- 
tion of the tubes receives full illumination The shadow of the electrode 
support must not fall on any tube A moderate air current from a fan 
must be used to keep the tubes cool 

1 It has been found easier to make new tubes than to clean old ones, since after one 
end is sealed, cleaning is somewhat laborious owing to the narrow bore 


BESSET, LOWRV, BROCK, AVD LOPEZ 


179 


8 A Beckman spectrophotometer fitted with a micro attachment an d 
2 mm "quartz^ cu\ ettes (12) (The micro attachment and cells are obtam- 
able from the Pyrocell Manufactunng Company, 207 East 84th Street, 
New York 28 ) 

9 Backs about 5X5X2 inches to hold 100 long tubes These may 
be made from wire screen (two pieces of i inch mesh and one piece of | inch 
mesh) or from sheet metal 




Fig 1 Arrangement for ultraviolet irradiation The mercury lamp (a) is held 
vertically in a clamp, base up, with the other and extending 3 or 4 cm into a hole 8 cm 
in diameter, 6-6, m a large block of wood, c, which serves as a base Semicircular 
racks (d, d 1 ) are provided for holding the glass tubes in a circle equidistant from the 
lamp (6 cm from the center of the lamp) These racks mav be made from pieces of 
i inch plywood held about 2 cm apart, with the upper piece drilled to hold the tubes 
Twenty or thirty holes may be drilled m each rack along a semicircular line 

10 The head of an eightpenny nail is cut off, and the nail is slightly 
flattened for a distance of 10 or 15 mm and inserted in a small high speed 
hand drill (e g , Handee grinder, Chicago Wheel Manufactunng Company, 
Chicago) with the end projecting about 20 mm 

Procedure 

Into the long slender tubes are put 60 cjnm of serum and 60 cjnm of 
alcoholic KOH If the solutions do not run to the bottom, they are sent 
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down by a whipping motion Mixing is accomplished by touching the side 
of the tube near the bottom to the whirling nail m the motor drill which 
has been mounted m a clamp -with the nail up The tube is immersed 
(along with others in a rack) in a water bath at 60° for 20 minutes, cooled, 
and GO c mm of the kerosene-xylene mixture are added Extraction is 
accomplished by holding the tubes at about a 45° angle against the whirling 
nail in such a manner that the contents are violently agitated for 10 or IS 
seconds They are then centrifuged 10 minutes at 3000 rpm The tubes 
should be at room temperature or a little below before they are centrifuged 
Each tube is cut with a file just above the kerosene-xylene layer and this 
layer is pipetted into the special narrow Beckman cuvette (12), all the 
solution possible is used, but with great care to avoid any of the aqueous 
layer which would cause turbidity The pipetting is best accomplished 
with a fine tipped constriction pipette of about 50 or 60 c mm volume 
However, this pipette need not be calibrated The constriction acts 
merely as a brake to prevent the sample from being accidentally drawn up 
too far in the pipette 

Readings are made at 460 and 328 mu The sample is then removed 
to a short soft glass tube (item (4) above) and irradiated along with the 
other samples with the B-H4 lamp The lamp must have been turned on 
at least 10 minutes prior to the beginning of the irradiation The necessary 
irradiation time (30 to 60 minutes) should be determined by trial with 
known vitamin A solutions Irradiation is applied for 6 or 8 times as long 
as is found to be necessary to destroy 50 per cent of the vitamin A in pure 
solutions After irradiation, a second reading at 328 mu is taken In order 
to eliminate the danger of a turbidity of unestabbsbed origin which some- 
times develops and w r hich may be so slight as to be unnoticeable and yet 
serious enough to cause real error, the pipette used to transfer the sample 
back into the cuvette after the irradiation is rinsed before each sample 
with anhydrous propionic acid for one-third to one-half of its length below 
the constriction This procedure neither adds significantly to the an- 
alytical time nor changes the volume enough to cause error If necessary 
or desired, the propionic acid may be added prior to the first reading, since 
its incorporation does not affect the course of irradiation 2 

Calculation — E * so X 480 = miciograms per cent of carotene (Em ~~ $ 
irradiated 328) X 637 = micrograms per cent of vitamin A E — optical 
density with a cell having a 1 cm light path = 2 minus log per cent trans- 

» A substitute for propionic acid, which may possibly be more satisfactory, is a 
1 1 mixture of xylene and 2-methyl-2,4-pentanediol The addition of a great excess 
of propionic acid may in some cases itself induce turbidity, whereas pentanediol ap- 
pears to be miscible with serum extracts in all proportions The xylene is added to 
reduce viscosity 
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mission with such a cell Optical density is given directly on the Bec kma n 
spectrophotometer If the v olumes of serum and kerosene-xylene are not 
equal, these must be multiplied by (v olume of kerosene) — (xylene)/(vol- 
ume of serum) 

The factor of 637 for vitamin A is based on an for vitamin A 

palmitate in alcohol of 1720 at 328 m/i, calculated as free alcohol (13) 
Since vita min A ester has onlj 96 per cent as much absorption m kerosene- 
xjlene and still has 3 per cent of its initial absorption after irradiation, 
and since furthermore the absorption is reduced 2 per cent owing to the 
necessity of using a vide spectral band (8 m/i), the net 2?}^ = 1720 X 
0 96 X 0 97 X 0 98 = 1570 1,000,000/1570 = 637 The axtinction co- 

efficient of the vitamin A ester was used rather than that of the free alcohol, 
since most of the vitamin A in serum is estenfied and saponification is quite 
incomplete The factor of 480 for carotene was obtained by measuring the 
absorption of fl-carotene (Smaco) in kerosene-xylene (Aim. = 2080) 

If desired, the volume of serum and reagents may be mcreased or de- 
creased proportionately The ratio of serum to alcohol must be kept con- 
stant, but the amount of kerosene-xj lene may be varied independently 

DISCUSSION 

Saponification and extraction are com enientlj earned out in the long 
slender tubes which prev ent undue ev aporation during saponification and 
which give sufficient fluid depth to facilitate subsequent removal of the 
organic solv ent laj er Saponification presents no problem and it scarcely 
prolongs the analytical time, since it is as easy to add alcoholic KOH as it is 
to add alcohol alone, which must be added in any event, and as many as 
100 samples may be saponified at once m a single water bath The sapon- 
ification is not complete, glycerides are only partially hydrolyzed, and the 
same is probably true for vitamin A esters However, the alkaline treat- 
ment accomphshes its purpose, viz , facilitation of vitamin A extraction 
and the removal of interfering materials 

If a motor stirrer such as is described above is not available, mixing and 
extracting may be accomplished by adding a 1 cm length of 0 041 inch 
diameter stainless steel wire (from the Newark Wire Cloth Company, 
Newark, New Jersey) and shaking Mild agitation suffices to mix the 
alcohol with the serum, and after adding the kerosene-xylene, the tubes 
are sealed at the upper end in a flame and shaken vigorously Up to 50 
tubes may be shaken together by hand (200 or 300 times) For a large 
senes of analyses this technique is as rapidLgs the one given abov e, however, 
it is necessary to take great care to prevent any serum from wetting the 
top of the tube, which would result m chamng when the tubes are sealed 
off and thereby jeopardize the analv sis J 
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A majoi pioblem was to find a solvent which would completely extract 
vitamin A and carotene fi om serum and which would permit manipulation 
of small volumes without undue evaporation Petroleum ether was com- 
pletely unsuited owing to its volatility, toluene was an improvement, 
xylene nas still better, and kerosene showed practically no evaporation 
but failed to extiact vitamin A 01 carotene quantitatively All mixture 
of keiosene and xylene was found to have such a low volatility that evapo- 
ration could be ignored, and recovery experiments from serum demonstrated 
the quantitative extraction of both pigments 

Measurement of light absoiplion in small volumes with the Beckman 
spectrophotometer lias been described (12) Since the samples are trans 
feired, after the first readings, fiom the absorption cuvettes to small tubes 
foi irradiation and transferred back to the cuvettes for the second readings, 
there is danger that so much of the sample might be lost during the mampu 
lations as to leave an insufficient volume for the second readings Such loss 
can be prevented by using slender tipped transfer pipettes and making 
sure that no moie than a trace of liquid is left m either cuvette, irradiation 
tube, or transfer pipette 

Destruction of Vitamin A — When vitamin A or vitamin A ester in kero- 
sene-xylene is irradiated with ultraviolet light, absorption at 328 mju ra- 
pidly decreases, leaving a residual absorption of approximately 3 per cent 
Hov\ ever, when an unsaponified serum extract is irradiated in a quartz or 
Pyrex tube with an unfiltered mercury vapor lamp, the absorption at 328 
ran falls and then rises higher than its initial value Evidently while vita- 
min A is being destroyed, other substances are being converted into more 
highly absorptive materials This phenomenon was delayed but not com- 
pletely prev ented by restricting the irradiation to the wave-lengths between 
310 and 400 mu, as recommended by Little (8) Little used a Coming 
No 986 filter and an aqueous potassium acid phtlialate solution in front 
of the light source to accomplish this purpose It has been found more 
convenient to utilize a light source encased in a purple envelope (General 
Electric B-H4), which essentially cuts out wave-lengths longer than 400 m/i, 
and to place the samples in ordinary soda lime (“soft”) glass tubes which 
cut off wave-lengths shorter than 310 ran If, in addition to filtering the 
light, the serum is saponified before extraction, the absorption at 328 mn 
falls to a plateau vv hich remains unchanged with further irradiation Sapon- 
ification lias also been found necessary m order to effect complete extraction 
of vitamin A With saponification, the light filters are perhaps unneces- 
sary, but it has been felt desirable to retain them as a precautionary meas- 
ure Howev er, if the soft glass used is of such a composition as to make 
prolonged irradiation necessary to destroy vitamin A, Pyrex tubes may be 
substituted 
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Fig 2 furnishes evidence that under the prescnbed conditions it is only 
vitamin A irhich is destroj ed bj the irradiation and that new absorbmg 
materials are not formed A serum extract was irradiated for 0, 9, and 60 
mmutes, and the absorption cun es were measured between 305 and 400 
mji The readings at 9 and CO minutes were then subtracted from the 



Fig 2 Effect of irradiation on absorption of serum extracts Absorption curves 
of serum extracts before and after irradiation with ultraviolet light (310 to 420 mp), 
and difference curves for serum extracts and pure vitamin A solution, obtained by 
subtracting the values for the absorption curves before and after irradiation 

readings at zero tune to obtain difference cun es representing the change m 
absorption induced by irradiation These difference curves have been 
compared with difference curves calculated from the change in the absorp- 
tion of pure vitamin A solutions induced by prolonged irradiation It will 
be seen that the cun es for pure vitamin A and serum extract difference 
nearly coincide This is strong evidence that the absorption changes are 
attributable to vitamin A destruction only 
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Comparison with Antimony Trichloride ( Carr-Pnce ) Method — When com- 
parisons were made between the micromethod described above and the 
antimony trichloride method as usually applied to serum (1-4), it was 
found that a number of the sera gave much higher values by the micro- 
method At least part of the discrepancy was traced to certain inadequa- 
cies of the Carr-Pnce method as usually applied to serum The sources of 
error in the antimony trichloride method proved to be (a) incomplete ex- 
traction of vitamin A from unsapomfied serum (added vitamin A can, how- 
ever, be completely extracted without saponification) and (b) the presence 
of unknown materials m some extracts which inhibited the color formation 

Table I 

Effect of Saponification on Carotene and Vitamin A Values ( Antimony 

Trichloride Method) 

The results are given in nucrograms per cent 


Serum treatment 

Serum 1 

Serum 2 

Serum 3 

Serum 4 

Serum 5 

Scrum 6 


Vitamin A 


A 

Saponified, calculated from in- 








ternal standard 

45 

55 

62 

65 

69 

111 

B 

Saponified, calculated from pure 








standard 

42 

52 

57 

67 

65 

92 

C 

Not saponified, calculated from 








pure standard 

37 

45 

50 

57 

51 

78 

D 

(C) as % of (A) 

82 

82 

87 

88 

88 

70 

Carotene 

E 

Saponified 

PI 

232 

■9 

PI 

19 

ES 

F 

Not saponified 

m 

189 

m 

IP 

E9 

ES 


with antimony trichloride Comparison of the figures in Lmes A and B 
of Table I clearly shows the importance of the use of internal standards in 
serum vitamin A analysis, otherwise an error is introduced owing to the 
inhibitory effects of matenals in serum extracts on the development of the 
color In Lme A the vitamin A content of the serum w as calculated on the 
basis of the increment of coloi pioduced by adding pure vitamin A to an 
ahquot of the serum extract immediately before color development In 
Lme B the vitamin A values w ei e calculated fi om the color intensity pro- 
duced in pure solution A comparison of the figui es in Lmes B and C illus- 
trates the effects of previous saponification on the extractabihty of the 
vitamin A from the serum 3 It wall be noted from Lme D that the com- 
bined errors due to the above causes amount to from 12 to 30 per cent 

j The lower values in Line C are in part due to incomplete extraction and in part 
due to a greater inhibition of color development without saponification 
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The presence of inhibitory materials m natural products which influence 
the rate and extent of color development resulting from the antimony 
trichloride reaction has long been known (14-16) Oser, Melnick, and 
Pader (17) hav e recently emphasized the value of the use of an internal 
standard to decrease the error resulting from this effect in analysis of oils 
and foodstuffs Likewise, the importance of saponification as a means of 
eliminating these inhibitory materials and m aiding extraction has been 
previously pointed out m connection with food analysis Analogous in- 
formation m relation to serum analysis has not been satisfactory 

Yudkm (18) reported that saponification is unnecessary for the deter- 
mination of vitamin A m serum, whereas others hav e found it to be neces- 
sary (19, 20) It is possible that the saponification employ ed by Yudkm 
resulted in the destruction of tocopherol If this were the case, part of the 
vitamin A would be destroyed during the evaporation of the petroleum 
ether extracts and any benefits of saponification would be obscured Pett 
and LePage (20) observed that vita mm A values increased with mild 
saponification and decreased with more drastic alkaline treatment, and m 
this laboratory it has been found that after prolonged saponification higher 
results are obtained by the Carr-Pnce method if tocopherol is incorporated 
m the petroleum ether used for extraction With milder saponification, 
or none at all, the presence of tocopherol is without effect on the results 
In the majority- of methods m current usage for the determination of vita- 
nun A m serum, saponification is omitted 

In order to obviate these difficulties, a modified antimony trichloride 
procedure was used for making comparisons with the proposed micro- 
method 7 ml of serum were saponified with 1 x KOH m 90 per cent 
ethyl alcohol for 20 minutes at 60° Extracts were then made by shaking 
with 7 ml of petroleum ether (b p 30-60°) containing 1 mg per cent of 
a-tocopherol (to prevent danger of loss of vitamin A during evaporation 
of the extracts) Triplicate determinations were made with 1 ml aliquots 
of the petroleum ether extract The carotene was measured by absorption 
at 460 mp m the Coleman model 6 spectrophotometer The petroleum 
ether was then evaporated, the residue taken up m 0 1 ml of chloroform 
plus 0 01 ml of acetic anhydride, and 1 ml of 25 per cent antimony' tri- 
chloride m chloroform was added Measurements were made at 15 seconds 
at 620 mu with the same instrument Corrections were made for the con- 
tribution of carotene to the color, assuming that all of the 460 m#i absorp- 
tion was due to jS -carotene In addition, internal standards were included 
m triplicate by substituting 0 1 ml of standard vitamin A solution m 
CHClj for the pure CHCh These values were utilized in computing the 
results The microdeterminations were made as previously described with 
60 c mm of serum Elev en sera were analy zed by both the macro- (anti- 
mony trichloride) and microprocedures for vitamin A and carotene The 
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averages of all the determinations were in good agreement (Table II) by 
the two methods The standard deviation between individual values 
measured both ways was 5 7 per cent for vitamin A and 7 7 per cent for 
carotene (one carotene value omitted m calculating the standard deviation) 
This is additional proof of the reliability of the proposed micromethod for 
the measurement of vitamin A in serum 

Use of Different Serum Volumes and Reproducibility — Although it is 
recommended that 60 to 100 c mm of serum be used for analysis, it is 
possible to obtain valid data with as little as 35 c mm if somewhat more 


Table II 

Comparison between Micro- and Macromelhods for Vitamin A and Carotene 
The results are given in micrograms per cent 


Scrum No 

Vitamin A 

1 Carotene 

1 

Micro* 

Mucrof (Carr Price) 

Micro* 

Macro} 

1 

106 

111 

183 

176 

2 

74 

68 

185 

171 

3 

66 

69 

110 

104 

4 

66 

52 

91 

87 

6 

55 

62 

159 

159 

6 

52 

51 

179 

171 

7 

51 

51 

131 

122 

8 

50 

55 

198 

232 

9 

46 

43 

89 

83 

10 

43 

40 

100 

97 

11 

39 

45 

123 

124 

Average 

58 

59 

141 

139 


* Proposed method with 0 06 ml of serum 
t Modified antimony trichloride procedure with 1 ml of serum 
t Petroleum ether extract of 1 ml of serum 


attention is given to analytical details A number of sera were analyzed 
m replicate by the proposed procedure with 35, 60, and 100 c mm samples 
The samples were treated with volumes of alcohohc KOH equal to the 
serum volumes and were then extracted with 40, 60, and 100 c mm , respec- 
tively, of kerosene-xylene Nine to twenty-eight samples were measured 
at each volume level The standard deviations were 1,1, and 2 7 per cent, 
respectively, for vitamin A, and 1,1, and 1 for carotene 

Table III shows that essentially the same absolute values are obtained 
when different amounts of serum are used for analysis Three sera were 
analyzed m triplicate at each volume level 
Effect of Storage — In making analyses for nutritional surveys it is most 
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convenient if samples can be collected in the field, transported to a central 
laboratory, and analyzed at a later date In this ease one must be assured 
of the keeping quality of samples and of the storage conditions compatible 
with the stability of the substances to be measured To obtain the neces- 
sary information, two serum samples were stored at % anous temperatures 
m a number of sealed tubes and analyzed after 1 and after 4 5 months for 
vitamin A and carotene bj the proposed micromethod There was no 
detectable change after 1 month at either 4° or —20° in either vitamin A or 
carotene At room temperature, hon ever, the vitamin A had fallen to 
about 45 per cent of its initial v alue and the carotene to 10 per cent or less 
After 4 5 months 3t —20° there was no significant change in vitamin A 
and the carotene had only fallen by about 6 per cent At 4° the carotene 


Table III 

Vitamin A and Carotene 1 alucs with Different I olvmes of Serum 



Strain 1 

Seram 2 

Seram 3 

Volume of serum, c mm 

35 

BUB 

35 

60 

m 

35 

60 

HJ|l 

Vitamin A, y % 

74 

75 74 

49 

47 


50 

52 

50 

Carotene, y % 

131 

132 132 

95 

9S 

96 

139 

13S 

138 


All measurements made in triplicate 


was almost gone m both samples, one vitamin A value was unchanged, 
and the other had fallen 40 per cent It seems permissible to conclude 
that m serum carotene is more unstable than is vitamin A, and that sera 
may be stored for sev eral weeks at 4° or set eral months at —20° without 
prejudice to the results 


SUMMARY 

1 A method is described for measuring the vitamin A and carotene in 
60 cjnm of serum, an amount easily obtainable from the finger Since, 
in addition, one analyst can perform at least 50 determinations in a working 
day, it appears to fulfil the requirements for a nutritional surv ey method 
or for studies on small animals 

2 The method has been compared with a modified Carr-Pnce (antimony 
trichloride) macroprocedure which gav e essentiallj the same carotene and 
vitamin A % alues as the micromethod 

3 Low values for vitamin A were obtained with the Carr-Pnce method 
as usually performed on serum Several factors which appear to be re- 
sponsible for these low results are discussed 

4 Data are given on the keeping qualities of vitamin A and carotene in 
stored sero 
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The activators of blood clotting present m mammalian tissue, t e the 
agents responsible for the conversion of prothrombin to thrombin, hate 
been shown to be lipoproteins of a verj high particle weight (1-3) These 
substances readily form sediments m a strong centrifugal field (31,000(7), 
but remain in solution when subjected to weaker centrifugal forces (5000ff) 

The consideration of the maimer in which thromboplastic substances 
occur in blood is of importance for an understanding not onlj of the physi- 
ology of normal blood coagulation but also of bleeding disturbances, such 
as hemophilia The rOle of the blood platelets, usuallj regarded as the 
main source of thromboplastic material, in the clotting of normal and of 
hemophiliac blood has often been considered (Compare the surveys in 
(4, 5) ) But whether an additional factor, exhibiting the centrifugal char- 
acteristics of the thromboplastic protein of tissue cells, is present m blood 
has remained unknown A brief report on the effect of high speed centrifu- 
gation of plasma on its coagulation tune (6) appeared, however, suggestive 
of the existence of such a factor 

The onentmg studies presented here include a comparative mv estigation 
of the effect of high speed centrifugation on the clotting tune of normal and 
of hemophiliac plasma 1 Thej were prompted by the opportunity of study- 
ing an interesting case of an acquired hemophiha-hke condition in a female 
patient 

The literature contains onlj few reports on an acquired bleeding disturb- 
ance in the female exhibiting, m a more or less typical fashion, the character- 
istics of hemophilia, except for the important feature of hereditary trans- 
mittal (8, 9) The case which furnished the opportunity for the study of 
the blood clotting defect presented here was, m addition, characterized bj 
the presence of a circulating anticoagulant, a phenomenon occasionallj ob- 
serv ed m the past (10, 11) The other blood specimens used in this study 
w ere obtained from a genuine hemophiliac with authentic family history 

* This work has been supported bj a grant from the John and Mary R Martle 
Foundation 

1 The effects of centrifugation at low speed have been compared by Quick (7) 
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EXPERIMENTAL 

Origin of Blood Specimens — The blood samples designated N were col- 
lected from normal young adults Those marked H came from an authentic 
hemophiliac The blood specimens listed as F were obtained from a female 
patient with an acquired bleeding disturbance A brief history of this case 
is given m the following paragraph All blood samples were collected before 
breakfast and examined immediately 

Case History — (Presbyterian Hospital, Unit No 784026 ) A housewife of 33 years 
was admitted with diffuse, recent subcutaneous hemorrhages and a large hemorrhage 
beneath the tongue There were slight limitation of motion of both knees, secondary 
anemia, moderate leucocytosis Blood clotting time, 80 to 100 minutes Consider- 
able prolongation of clotting time of normal blood on admixture of small amounts 
of the patient’s blood Prothrombin time, 23 seconds Platelets, 165,000 Serum 
protein6 1gm perlOOcc Alkaline phosphatase, 2 4 Bodansky units Cephahnfloc 
culation, negative Electrophoretic pattern of plasma normal, including fibrinogen 
No unusual capillary fragility Blood is Rh-positive The present illness probably 
dates from 7 months before admission when the patient had her last delivery Sev- 
eral weeks after a normal delivery, hemorrhages, chiefly in the arms and legs, ap 
peared about every 2 weeks There was subcutaneous bleeding, intramuscular and 
within joints Previous bleeding history hemorrhages following spontaneous 
abortion in 1942 and after a tooth extraction m 1943 Three out of five pregnancies 
resulted in miscarriage, neither of the living children lias any bleeding tendency 

Prolamine Titration — In view of the presence of a circulating coagulant 
m blood F it appeared of interest to 6\amme it for the presence of heparin 
The determination of the clotting time of blood and plasma, following the 
addition of varying small amounts of salmine, is based on the observation 
that this strongly basic protamine abolishes the anticoagulant action of 
heparrn both in the circulation and m vitro (12) The determinations on 
whole blood were earned out with venous blood, freshly drawn (without any 
addition) before breakfast The plasma was obtained 50 minutes later 
from the same blood sample without centrifugation by allowing the blood 
cells to settle in the refngerator The results, summanzed m Table I, 
furnish no indication of the presence of an anticoagulant of the heparin 
type The drop m clotting time, observed on addition of 2 5 y of prota- 
mine, cannot be explained at present 

Effect of Centrifugation on Plasma Clotting Time — The effect of differential 
centrifugation on the clotting time of normal human plasma has been dis- 
cussed in a recent publication (13) In the present study a similar approach 
was employed for a comparison of the behavior of plasma obtamed from the 
patients F and H with that of normal plasma The blood, collected before 
breakfast, was mixed immediately with one-nmth its volume of 0 1 m sodium 
oxalate solution Plasma samples were removed following centrifugation 
atl500RPM (260g) for 3 minutes (Experiment 1, Table II) The remain- 
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ing mixture was then centrifuged at 4000 r.p m (lQOOp) for 20 minutes m 
a refrigerated angle centrifuge The clear supernatant was siphoned off 
carefully, and samples were removed for testing (Experiment 2, Table II) 
10 cc portions of the plasma samples were then subjected to a centrifugation 
at 20,000 rj> m (31,000p) for 150 minutes in a refrigerated International 
centrifuge equipped with a multispeed attachment, 2 which brought about 

Table I 

Effect of Protamine on Clotting Time of Blood and Plasma from Patient F 
The experiments were carried out at. pH 7 and 30° by mixing 0.2 cc of blood or 
plasma with 0.2 cc of the solution of salmine in physiological saline 


Dotting tune 

Salmine in experiment 

2 Jr 

10 V 

Sy 

2 Sy 

0 1 


run 

run 

rttn 

run 

run. 

Blood 

35 

40 

35 

22 

48 

Plasma 

40 

40 

40 

30 

35 


Table II 

Effect of Centrifugation on Plasma Clotting Time 
The experiments were performed at 37° by mixing 0 1 cc of plasma with 0.2 cc 
of a 0 01 M calcium nitrate solution (containing 0 42 per cent of sodium chloride) 
In experiments in which more than one clotting time is reported, the figures record 
the span between the first appearance of fibers and the formation of a clot X = 
normal, F = female bleeder, H = hemophiliac 


Expen 
meet No 

Duration 

Centn 


Plasma, clotting time 



fugation 

force 

N 

F 

H 


1 

run 

3 

t 

260 

2 min , 50 sec 

9 nun , 45 sec to 

5 min , 10 sec 

to 

2 

20 


3 min , 20 sec to 

22 mm 

15-27 min 

15 min 

10 nun , 40 sec 

to 

3 



4 min , 30 sec 

5 mm , 50 sec to 

Xo clot within SI | 

17 mm 

12 mm , 35 sec 

to 




8 min 

pun 

25 mm 



the sedimentation of minute reddish brown translucent pellets The coagu- 
lability of the plasma samples following the high speed centrifugation was 
likewise examined (Experiment 3, Table II) 

The small pellets sedimented by the centrifugation of 10 cc of plasma at 
31,000^ v ere suspended mice of physiological saline (corresponding to a 
10-fold concentration with respect to the original plasma) The clotting 

1 All contnfugations were earned out in lusteroid tubes 
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effect of these suspensions on the plasma samples that had undergone cen- 
trifugation at 31,0000 is presented in Table III 

It appeared of interest to determine w hether a fraction possessing the 
centrifugal characteristics of the thromboplastic protein was contained m 
the pellets sedimented from normal plasma at 31,0000 As has repeatedly 
been shown m this laboratory (2, 3, 13), the thromboplastic protein of van- 

Tadle III 

Effect of High Speed Sediments on Clotting Time of Plasma Centrifuged at High Speed 
The experiments wero earned out at 37° by mixing 0 1 cc of plasma with 0 1 cc 
of the saline suspensions of the high speed sediments (or, m control experiments, 
of physiological saline) and 0 2 cc of a 0 01 m calcium nitrate solution (containing 
0 42 per cent of sodium chloride) The components of the mixtures are indicated 
by plus signs For the explanation of the clotting intervals indicated, compare 
Table II Assays A and B vere carried out at different times of admission to the 
hospital of patient F and with different specimens of normal plasma N = normal, 
F = female bleeder, PI = hemophiliac 


Eipcn 

meat 

No 

N 

F 

H 

ClotUng time 

Plasma 

Sedi 
ment j 

Plasma 

Sedi 

ment 

Plasma 

Sedi 

ment 

Assay A 

Assay B 








sec 

sec 

i 

+ 






365-690 

350-480 

2 

+ 

+ 





100 

90 

3 



+ 




No clot within 

No clot within 








90 mm 

81 min 

4 



+ 

+ 



345-405 

430-580 

5 


+ 

+ 


! 


170 

325-380 

6 




+ 



305-437 

354-435 

7 





+ 



755-1030 

8 





+ 

+ 


325-395 

9 


+ 



+ 



104 

10 

+ 





+ 


300-380 

11 




+ 

+ 



440-780 

12 



+ 



+ 


540-780 


ous tissues is sedimentable at 31,0000, but not at 50000 A sample of 
normal oxalated plasma was subjected to a fractional centrifugation, as 
described before Following centrifugation at 19000 for 20 minutes, the 
clotting time of the recalcified plasma was 217 to 250 seconds, following 
centrifugation at 31,0000 for 150 minutes, 340 to 690 seconds (see also Table 
II) The suspension of the high speed sediment (from 10 cc of plasma) in 
1 cc of borate buffer of pH 8 4 w as centrifuged at 8000 rpm (50000) for 
30 minutes The almost clear supernatant, when tested id the arrangement 
presented in Table III, produced a firm clot m 160 seconds The amount of 


















E CHAKGAFF AND R WEST 


193 


thromboplastic protein found in normal human plasma, when expressed in 
terms of the most actu e preparation isolated from human tissues (3), may 
be estimated tentatn ely as beta een 0 1 and 1 y per cc of plasma 

Anticoagulant Effect of Plasma — Admixture of plasma F to normal plasma 
(corresponding to the plasma samples listed as Experiment 2, Table If) 
caused definite clotting inhi bition With 7 parts of the patient’s plasma 
and 3 parts of normal plasma or with equal parts of both plasma samples, 
an extremely slow fibnn deposition was observed which led to the formation 
of a x ery soft coagulum in about 29 minutes 

Table IV 

Effect of Thromboplastic Protein of Beef Lung on Clotting Time of Plasma 
Centrifuged at High Speed 

The experiments were carried out at 37° by mixing 0 1 cc of plasma with 0 1 cc 
of physiological saline containing the indicated amounts of thromboplastic protein 
and 0.2 cc of a 0 01 M calcium nitrate solution (containing 0 42 per cent of NaCl) 
For the explanation of X, F, H, K, and B see Table III 


Experiment 

No 

Thromboplas- 
tic protein 

| Clotting time 

N 1 

1 

H 

Assay A | 

Assay B 

Assay A 

Assay B j 

Assay B 


1 


sec 

sec. 


sec. 

1 

100 


33 

30 


37 

2 

10 


46 

42 


60 

3 

1 


82 

83 

109 

104 

4 

0 1 


160 

191 

230 

234 

5 

0 01 

248 

265 

355-945 

420-559 

400-560 

6 

0 001 

293-540 





7 

0 

365-690 

350-480 

>5400 

>4860 

755-1030 


Plasma Antithrombin — The plasma of patient F appeared to contain no 
more than the normal amount of antithrombm (For a discussion of this 
factor, see a recent rex lew article (14) ) Albumin fractions prepared by 
techniques described previously (15) exhibited an antithrombm effect that 
was only shghtlx higher than that shown by comparable preparations from 
normal plasma 

Effect of Thromboplastic Protein — The action of preparations of the throm- 
boplastic protein on human plasm3, centrifuged at 31,000;?, has recently 
been discussed (3, 13) In the experiments here presented a highly punfied 
preparation of the thromboplastic protein of beef lung (2) was employ ed 
The results, shown m Table IV, demonstrate that with less than 1 7 of the 
thromboplastic protein per 0 1 cc of plasma the coagulation times of both 
pathological plasma samples were abnormally long, though wnth more this 
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difference vanished In what may be considered a region of thromboplastin 
e\cess (1 7 or more) the hemophiliac plasma H and the he'mophilia-like 
plasma F behaved essentially similar to normal plasma 
Incubation of Thromboplastic Protean mih Plasma — In view of the appar- 
ent deficiency of the pathological plasma specimens in thromboplastic 
protein, it vas of importance to determine whether these plasma samples 
contained an agent able to destroy the thromboplastic protein Oxalated 
plasma (prepared by centrifugation at 31,000*7 for 150 minutes) was meu- 

Table V 

Effect of Incubation of Thromboplastic Protein with Plasma 
Mixtures of 1 cc of plasma (centrifuged at high speed) ruth 1 cc of saline con- 
taining the indicated amounts of thromboplastic protein were kept at 37° The 
clotting times were determined at stated intervals on 0 2cc portions of the mixtures, 
following recnlcification as in Table II The first appearance of fibers is recorded 
as the clotting time N = normal, F = female bleeder, H = hemophiliac 


Thrombo 
plastic protein 
per 1 cc 
plasma 

1 N 

F 

H 

Incubation 

time 

Clotting time 

Incubation 

time 

Clotting time 

Incubation 

time 

Clotting time 

7 

ram 

sec 

ram 

sec 

ram 

sec 

20 

0 

85 

0 

91 

0 

105 


10 

105 

17 

115 

14 

107 


25 

102 

31 

128 

28 

110 


40 

115 

48 

140 

44 

130 


60 

118 

67 

140 

63 

132 


no 

132 

118 

155 

113 

190 


150 

180 

161 

202 

155 

232 


240 

268 

258 

245 

250 

296 

1 

0 

150 

0 

215 

0 

205 


20 

170 

35 

280 

26 

289 


77 

255 

92 

350 

85 

355 


120 

285 

135 

420 

126 

440 


bated at 37° with a very potent preparation of the thromboplastic protein 
of beef lung (in concentrations of 20 and 1 7 per cc of plasma) and the 
clotting time of the recalcified mixture determined after various time inter- 
vals No important departure from the behavior of normal plasma was 
observed the rates at which the clotting times of all plasma specimens 
responded to the length of incubation were essentially similar (Table V) 
It is, in fact, doubtful whether the gradual prolongation of the clotting time 
may be attributed to the thromboplastic protein which, at least m the 
absence of plasma proteins, is known to be extremely stable (2) It is pos- 
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eible that partial mactivatioii of prothrombin is responsible for the observed 
effect 


DISCUSSION 

Tables II to IV may be considered to s umma rize the most important 
results of this studj' When ova la ted plasma, following centrifugation at 
4000 rpai (1900y), is subjected to prolonged centrifugation at 20,000 
R-pai (31,000<jr), its coagulation time is extended very noticeably This 
effect is even more conspicuous m hemophiliac plasmas in which occasionally 
complete absence of dotting is observ ed (Table IT) The clotting factor of 
which the plasma is depm ed by high speed centrifugation is found in a 
minute pellet whose sedimentation is brought about by this operation 
When the effects of these sediments on normal and pathological plasma 
specimens are compared, it can be seen that the plasma from patients 
exhibiting a marked bleedmg tendency contains considerably less of the 
clotting activator than does normal plasma (Table III) Thromboplastic 
protein preparations, when added m sufficient, though still very small, 
amounts, induce the pathological plasma specimens to clot with normal 
speed (Table IV) 

The studies of the coagulation defect m the case exhibiting an acquired 
bleedmg tendency resembling hemophilia (patient F) indicate that it is 
attributable to two causes, (1) a pronounced lack of thromboplastic factor 
m the plasma of the patient, (2) the presence m this plasma of a clotting 
inhibitor different from hepann It might be argued that these two causes 
are in reality facets of the same phenomenon, namely, the occurrence in the 
patient of an agent that destroys the activity of the thromboplastic protein 
However, the experiments on the effect of incubation of the thromboplastic 
protein with plasma (Table V) furnish no support to this assumption, at 
least with respect to the presence in the blood of such a factor, nor is there 
evidence of the existence of such an agent m the authentic hemophiliac 
plasma H 

It appears likely that a thromboplastic protein not unlike that isolated 
from tissue cells occurs in extravasated normal blood and contributes to its 
clotting properties The particulate fraction sedimented at 31,000p prob- 
ably includes, m addition to the thromboplastic agent, a variety of minute 
breakdown products of the blood corpuscles Whether the thromboplastic 
protein exists in circulating blood remains, unfortunately, an inherently 
unanswerable question In any event, the results summarized in Table 
IH point to a remarkable parallelism between the clotting behavior of the 
whole plasma and the activity of the high speed sediment derived from it 
If the activation experiments presented in Table IV are plotted as previ- 
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ously described (13), it can, for instance, be computed from the results of 
Experiments 2 and 6 in Table III that the high speed sediment from 1 cc of 
normal plasma exhibited an activity corresponding to 0 4 7 of the thrombo- 
plastic protein from beef lung, whereas the sediment from the pathological 
plasma F contained only 0 03 7 

The reasons for this abnormality are not clear Recent work in this 
laboratory (3, 13) has demonstrated that practically the entire thrombo- 
plastic activity of tissue cells is confined to one particulate fraction, the 
thromboplastic protein, which is probably derived from the cytoplasm 
The specifio cell types responsible for the thromboplastic effect are not yet 
known In the absence of additional information, the explanation of bleed- 
ing disturbances that are due to the low concentration of the thromboplastic 
protein in blood (hypotliromboplastmemia) will have to be limited to the 
statement that these conditions could be due either to the failure of certain 
tissue cells to produce, or to release, sufficient quantities of the thrombo 
plastic factor or to the occurrence in the organism of an agent that destroys 
this factor Concerning the anticoagulant whose presence has been shown 
to be probable in plasma F, all that can be said at present is that it appears 
not to be heparin 

The assistance of Mrs Helen Fabncant Saidel is gratefully acknov ledged 

SUMMARY 

The effects of high speed centrifugation on the clotting behavior of normal 
and hemophiliac plasma are compared The coagulation defect m the 
pathological specimens is shown to be attributable to a marked deficiency 
of the blood in a clottmg factor similar to the thromboplastic protein of 
tissue cells The blood of a female patient exhibiting a non-hereditary 
bleeding disturbance was, in addition, characterized by the presence of a 
coagulation inhibitor different from heparm In connection with the find- 
ing that the coagulation defect can be overcome by the addition of the 
purified thromboplastic protein of beef lung, the evidence of the presence 
m normal blood of a thromboplastic protein fraction, sedimentable by high 
speed centrifugation, similar to that isolated from tissue cells is discussed 
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Since one of the most widely known properties of glycogen is the red- 
brown color that it gives with iodine, it is not surprising that attempts have 
been made to use this color for the comparison of different samples of glyco- 
gen (1, 2) or for the measurement of glycogen (3, 4) The experiments 
reported here indicate, however, that such metnods are not very satis- 
factory for quantitative work although the color produced with iodine 
does vary with the concentration of glycogen, it also vanes with the temper- 
ature, with the concentration of iodine, and even with the glycogen sample 

EXPERIMENTAL, 

Effect of Glycogen Concentration — Fig 1 shows the relation between the 
glycogen concentration and the light absorbed by solutions of constant 
iodine concentration The expenmental conditions were the following 
A solution of com glycogen (5) was prepared which contained about 2 mg 
per ml Its exact concentration was determined by measurement of the 
glucose formed after hydrolysis A measured volume of this solution (0 5 
to 5 ml ) was put into a volumetric flask, and water added to make 5 ml 
Then, m succession, were added 0 5 ml of 10 per cent potassium iodide, 
5 ml of 0 01 N potassium lodate, and 5 ml of 1 n acetic acid solutions The 
volume was made up to 25 ml , and the solution was poured into a colorim- 
eter tube standing m a large beaker of water at 22 5° (close to room tem- 
perature) After at least 20 minutes, and then at intervals of 10 minutes, 
the color density was measured with an Evelyn photometer, with a 565 mji 
filter The instrument was set to read 100 per cent transmission with a 
blank containing iodine but no glycogen There w as no change m the color 
density over a 20 hour interval if the tubes were kept stoppered to prev ent 
the evaporation of iodine No correction was made for the light absorption 
of the glycogen itself, since it was found that such a correction w ould be 
less than 1 per cent The line shown m Fig 1, which is plotted logarith- 
mically, curves slightly Similar curves, but differently placed, result if 
the experimental conditions are varied 

Effect of Temperature — Fig 2 show s the effect of temperature on the color 
density of a solution of constant glycogen and iodine concentration The 
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Fig 1 The color density, at 565 m/i, of solutions containing 0 05 m eq of iodine 
and varying amounts of glycogen in 25 ml at 22 5° 



Fig 2 The color density of a solution containing 11 8 mg of glycogen and 0 05 
m eq of iodine in 25 ml at varying temperatures 

solution contained 118 mg of glycogen and iodine was added m the same 
way as before For each reading, colorimeter tubes containing the glyco- 
gen-iodine solution and an iodine blank were put in a water bath at the 
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desired temperature and allowed to reach the temperature of the bath The 
tubes w ere then quickly dried, and the color measured within a few seconds 
(The color density of the iodine blanks varied by a few per cent over the 
temperature interval between 5° and 50°, the changes were in the opposite 
direction from those of the glycogen-iodine complex, t e the color increased 
with higher temperature ) The variations with temperature were found to 
be reversible and perfectly reproducible It will be seen that over a 5° 
interval m the normal room temperature range there is a variation of nearlv 
25 per cent in the value of log I a/ 1 Similar variations of color with tem- 
perature were observ ed when the experimental conditions were those of van 
Wagtendonk, Simonsen, and Hackett (4) 

Effect of Iodine Concentration — Fig 3 shows the effect of iodine concen- 
tration on the color produced with glj cogen Here the glycogen concentra- 



Fio 3 The color density of solutions containing 3 86 mg of glycogen and varying 
amounts of iodine in 25 ml at 23° 

tion and the temperature were kept constant, and the color density of the 
glycogen-iodme complex was measured m each case against that of a blank 
containing iodine at the same concentration 

Effect of Source of Glycogen — One 8 5 mg sample each of gly cogen from 
com, from rabbit kv er, and commercially obtained 1 was compared under 
identical conditions The values for log Jo// were respectively 0 670, 
1 421, and 0.260 Thus the results are greatly affected by variation in the 
source of the glycogen 

Sumner and Somers Test for Glycogen — A word might be said here about 
the test for glycogen which was proposed by S umn er and Somers (6) This 
consists m the addition of a very small amount of iodine to a 0.25 per cent 
solution of glycogen in half saturated ammonium sulfate solution By this 
test they have found a difference between liver and com glycogen, the first 

1 Pfanstiehl's c r , stated by the manufacturer to have been prepared from rabbit 
livers 
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giving a yellow and the second a pink color We have not been able to 
make this distinction, with either liver or com glycogen (both purified by 
treatment with alkali) a salmon-pink color was obtained On the other 
hand, Pfanstiehl glycogen gave a pure yellow color Chargaff and Moore 
(7), comparing liver glycogen with glycogen from tubercle bacilli, noted 
that m the Sumner and Somers test the liver glycogen gave a red-brown 
color, whereas the bacterial glycogen gave a pure yellow color 

DISCUSSION 

It has been well known that the color of either a starch-iodine or a glyco 
gen-iodine solution would fade if the solution were heated, and return if 
cooled With starch the change m color in the room temperature range is 
small, and methods such as Nielsen’s (8), which use the starch-iodine color 
for starch determination, are probably subject to only small errors due to 
changes in temperature These errors are likely to be much larger with 
glycogen, and therefore in the use of such methods as those of Jung (3) or 
of van Wagtendonk cl al (4) great care must be taken that all measurements 
are made at the same temperature Likewise the variation of the color of 
the glycogen-iodine complex with iodine concentration is not unexpected 
in the light of the work of Bates, French, and Rpndle (9) In view of this 
variation, however, the quantity of iodine used in such determinations must 
be very carefully measured, and precautions taken to avoid evaporation 
Finally, it is important that the readings for a given glycogen sample be 
compared with those of a standard containing glycogen prepared from the 
same source, by the same method (c/ (2)), and preferably by the same 
investigator The complexity of these precautions seems to make colori- 
metric assay of this type of relatively little value when even moderate 
accuracy is desired 


SUMMARY 

The red-brown color formed by glycogen with iodine vanes in intensity 
not only with the concentration of the glycogen but also with the tempera- 
ture, the iodine concentration, and the source of the glycogen These 
variations are so great that extraordinary precautions must be used when 
the concentration of glycogen is to be determined by the measurement of 
this color 

It has not been found possible to distinguish between glycogen from 
animal and vegetable sources by differences in the color produced upon the 
addition of ammonium sulfate and iodine 
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The number of determinations of tocopherols in muscle tissue reported 
in the literature is small Tins may be due to the complexity and time- 
consuming technique of both the chemical and biological methods, as well 
as to the poor agreement betvv een the tv, o assays An accurate account of 
the chemical assay of vitamin E has recently been compiled in Dr K C D 
Hickman’s laboratory 1 

The fact that the chemical determinations usually yielded smaller values 
than the bioassays was probably' due to hydrolysis of the extracts to elimi- 
nate fats and filtration through an adsorbent earth to separate the toc- 
opherols from carotenes These procedures w ere found to be unnecessary 
if the method of Kaunitz and Beaver (1, 2) for the determination of toc- 
opherols in the presence of fats vras applied to muscle extracts 

Extraction of Muscle Tissue 

Fig 1 demonstrates the amounts of fat and tocopherols successively 
extracted from 97 gm of human skeletal muscle with 900 ml of solvent 
First, the muscle was emulsified with acetone for 10 minutes m a 'Waring 
blendor The volume was made up with acetone in two centrifuge tubes 
to 1 liter and permitted to stand with occasional shaking, equilibrium was 
obtained m 24 hours, a time which could have been considerably shortened 
with a shaking machine After centrifuging, the fat, tocopherol, and 
carotene contents of the supernatant fluid w ere determined by extracting 
the acetone water layer three times with 300 ml of purified Skellysoh e B, 
washing the Skelly solv e with distilled water, centnfugmg, and evaporating 
under approximately 20 mm of Hg pressure under N The residue was 
weighed, the carotenes were determined by dissolving an aliquot of the 
residue m a known volume of Skelh'solve, and the —log T value deter- 
mined m a Coleman umv ersal spectrophotometer or in a Beckman spectro- 
photometer The tocopherols were determined according to the method 
of Kaunitz and Beaver (1, 2) with modifications to be discussed below 
The second extraction of the residue of the muscle tissue was a duplicate of 

* Aided b) a grant from the John and Mary R MnrUe Foundation 

1 Baxter, J G , Biological symposia, Lancaster, 12 in press 
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the first, the others were modified by first using one-half acetone and 
Skellysolve and then one-third acetone and two-thirds Skellysolve, for the 
eighth and ninth extractions, concentrated HC1 was added as indicated in 
Fig 1 

In Fig 2 are shown the results of successively extracting 6700 gm of 
beef muscle with 12 liters of solvent for each extraction The solvent 
varied from methyl alcohol to a mixture of one-third methyl alcohol and 
two-thirds Skellysolve Concentrated HC1 was added for the last two 
extractions as indicated in Fig 2 



The data in Figs 1 and 2 demonstrate that the acetone-Skellysolve 
mixture removed fat, tocopherol, and carotenes at a more rapid rate than the 
alcohol-Skellysolve combination, and also that the tocopherol and carotene 
concentrations roughly parallel the fat concentration curve, except for the 
first four alcohol concentrations m Fig 2, in which a relatively higher con- 
centration of tocopherols and carotenes compared to fat was observed 
Part of these differences m the rate of extraction is of course due to the 
change m the solvent-solid ratio 

On the assumption that a distribution coefficient can be calculated be- 
tween the volume of the emulsified muscle and the volume of the solvent, it 
is possible to calculate the number of extractions necessary for 98 per cent 
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extraction of the tocopherols With a distribution coefficient of 12, the 
cun e indicated in Fig 1 was obtained It follows the curve obtained by 
direct measurements within the experimental error 
On the basis of the above experimental results and calculations, four ex- 
tractions for at least 24 hours each with a solvent-solid ratio of 20 1, twice 
with acetone, once with one-half acetone and one-half Skellysolve, and 
once with one-third acetone and t« o- thirds Skellysolve, v, ere used as a 
standard procedure 



Fiq 2 Total fat, tocopherols, and carotenes obtained by repeated extraction of 
beef muscle 


Effect of Carotenes and Vitamin A 

Since carotenes and vitamin A are always present in the tissue extracts 
and hat e reducing properties simila r to the tocopherols, various procedures 
hai e been described to eliminate these substances 
Previous workers have usually sought to accomplish this by filtration 
through an adsorbent earth (Emmene and Engel (3), Devlin and Mattill 
(4), Mayer and Sobotka (5)), advantage bemg taken of the fact that caro- 
tenes and vit amin A are preferentially adsorbed from benzene solutions 
The studies presented here indicate, however, that some tocopherol is 
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adsoibed on the earth tv hen fat is present This difficulty has not been 
sufficiently appreciated 

In previous papers (1, 2), a determination of tocopherols in the presence 
of fats w as described in which the Merck modification (4) of the Emmene- 
Engel iron-bipyridme reagent (3) was used Since fats depress the color 
formed by this leagent with tocopherol, measurements of the absorption 


“Log T 



Fig 3 Influence of filtration through flondin on tocopherols m the presence of fat 
Curves I and II, 1 gm of sesame oil and 1000 y of synthetic df-a-tocopherol were 
dissolved in 20 ml of benzene One-half of the solution was evaporated, and the 
residue taken up in 5 ml of Skellysolve For Curve II, the benzene mixture was 
filtered through a 60 X 25 mm column of HCl-treated flondm, the column washed 
three times with benzene, the latter evaporated, and the residue treated as for Curve 
I 70 y of a-tocopherol out of 100 y were recovered (for calculation see the equation 
in “Procedure”) Curves III and IV, a similar experiment with rat fat From 
Curves III/ the presence of 170 y of a-tocopherol per ml of Skellysolve can be cal- 
culated Curve IV indicates recovery of 35 y after flondm filtration 

coefficient must be made with and without the addition of known amounts 
of tocopherol 

Tins procedure is illustrated in Fig 3 m which Curve I represents the 
maximum —log T values of the bipyndine-fat-tocopherol mixtures neces- 
sary to determine 100 y of synthetic dZ-a-tocopherol 2 m 100 mg of sesame 

* We are indebted to Hoffmann-La Roche, Inc , for supplying us with a-tocopherol 
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oil The method is described below In Cur\ e II are plotted the results 
obtained for the same tocopherol-sesame oil mixture after filtration with 
benzene as solvent through flondm, 3 which had been treated according to 
Dei lm and Mattill (4) with concentrated HC1 From the —log T values 
of Curve I, Fig 3, the presence of 100 y of a-tocopherol, as originally added, 
is calculated from the equation given below (.under “Procedure”) Cun e II 
indicated that only 70 y were present after filtration Despite the loss of 30 
per cent of the tocopherol, the —log T lalue of the filtered solution, with- 
out further tocopherol addition, is greater than that of the original Since 
fats, depending on their concentration and physicochemical properties, 
depress the color (1), the abov e result mdi cates that fat w as either adsorbed 
or chemically altered by the flondm 


Table I 

Influence of Flondm Filtration on Recovery of Tocopherol 


Tocopherol used 

Amount of fat added 

Tocopherol *rco vexed after 
filtration 

T r 

r»r 

ftr ctnl 

110 

0 

101 

60 

S (Rat) 

so 

60 

20 “ 

7S 

60 

20 « 

70 

60 

40 " 

72 

214 

100 “ 

52 

60 

200 " 

5S 

110 

4S0 '* 

4 

104 

50 (Sesame oil) 

62 

428 

100 “ " 

6S 


Cun es III and IV m Fig 3 present an experiment with rat fat in which 82 
per cent of the tocopherol was lost after filtration The —log T value after 
filtration is less than that of the ongmal 
Similar experiments, m which tw o different flondm samples w ere used 
and in which the amounts of fat and of tocopherol were varied, are demon- 
strated m Table I The fat and tocopherol were dissolved m punfied 
benzene, and filtered through a flondm column that had been filled with 
nitrogen After washing the column with additional benzene, the latter 
was evaporated m an atmosphere of nitrogen, the residue taken up in 
punfied Shellysolve B, and the tocopherol content of this mixture deter- 
mined according to the method descnbed below The recovenes ranged 
from 4 to 80 per cent, with the greatest losses obsen ed when 100 mg or 
more of fat had been added to the benzene 

* Courtesy of the Flondm Company, Warren, Pennsylvania 
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In methods previously used, the muscle extracts were subjected to 
saponification prior to filtration The amount of fat present during the 
filtration was consequently small One would therefore expect that the 
losses caused by filtration were not excessive 
These experiments indicate the difficulties encountered when a separation 
of tocopherols from carotenes is tried m the presence of fats Since it has 
been shown previously ((1), p 654) that tocopherol losses may occur if 
hydrolysis of the fat is attempted, neither filtration nor hydrolysis seems 
useful for a quantitative determination of tocopherol m tissue extracts 
When one attempts to determine the reductive capacity of a muscle 
extract with the iron-bipyndme reagent, accurate results cannot be oh 


LogT 



Fxo 4 Curve 1, 0 1 ml of rat muscle extract made to 2 ml with Skellysolve plus 
10 ml of iron-bipyndme reagent Curve II, 0 1 ml of rat muscle extract plus 0 1 ml 
of sesame oil made to 2 ml with Skellysolve plus 10 ml of iron-bipyndme reagent 

tamed because the —log T value continues to increase for more than 1 
hour (Curve I, Fig 4) If, however, (Curve II) sufficient sesame oil is 
present m the reacting mixture, a maximum —log T is reached within 20 
minutes Sesame oil was chosen for these experiments because it usually 
contains only negligible amounts of reducing substances Although dif- 
ferent samples of the oil produce with the iron-bipyndme reagent different 
rates of color development for a given amount of tocopherol, or carotenes, 
the accuracy of the extrapolation method is not affected 
With these facts m mind, correction for the carotenes present in the 
muscle extract could be made The determination of the reductive power 
of carotenes m the absence and in the presence of various fats indicated that 
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1 7 of carotene is equivalent to 4 8 7 of a -tocopherol, the factors varied 
from 4 4 to 5 0, since the reductix e power of carotenes in a muscle extract 
does not exceed 10 per cent of the total, the error resulting for the toc- 
opherol from the variations of the carotene factors does not exceed 1 per 
cent The total amount of carotenes m the muscle extract was determined 
bj measuring the —log T xalue of the extract at 4400 A and reading the 
quantity from a standard curve Thereafter, 4 8 tames the micrograms of 
carotenes found are deducted from the total reductix e power of the extract 
expressed m micrograms of tocopherol 

A possible error of approximately 2 to 5 per cent is caused by the presence 
of the normal amounts of vitamin A in the extracts This estimate is based 
upon the experimental fact that the reductix e power of 1 1 u of vitamin A 
was found to be equix alent to 0 24 ± 0 02 7 of a-tocopherol and that 1000 
gm of muscle contain roughly 4000 1 u of vitamin A Smce it was found 
that the antimony trichloride method for vitamin A m muscle extracts 
gax e x eiy erratic results, no correction for vitamin A was mtroduced 

Effect of HCl in Extraction 

In experiments reported by Hmes and Mattill (6), it was found that, after 
extraction of rat muscle with alcohol-SLellysoh e, further extraction with 
alcohol-Shellysolv e containing HCl brought about an additional yield of 
20 to 30 per cent of reducing substance, which they were inclined to beliex e 
may have been tocopherol 

As can be seen in Fig 1, the addition of HCl to the solvent resulted in a 
further extraction of reducmg substance from human muscle, while Fig 2 
shows no further yield from beef muscle under similar conditions 

In these experiments, it was noted that additional reducmg substances 
m the extracts occurred after acid hydroly sis only when a purplish discolor- 
ation developed, which was observed especially with rat muscle Only 
the colored extracts gax e increases up to 25 per cent of the total reducing 
substances, while the colorless extracts gav e none It therefore seems prob- 
able that these additional reducmg substances are not tocopherol, and this 
assumption is supported by the fact that there is good agreement between 
Mason’s (7) bioassays on whole muscles and the x alues obtained by chemi- 
cal analysis of muscle extracts without acid hydrolysis (see below) 

Method 

Reagents — 

1 SheDysoh e B Purified by twice shaking with concentrated sulfuric 
acid, washing with water, 10 per cent Na ; COj, 4 times with water, drying 
ox er anhydrous Na;SCh, and distilling in an all-glass apparatus A 2 ml 
residue from 2 liters gax e a —log T xalue of less than 0 002 with the iron- 
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bipyndine reagent when compared Nvrtli 2 ml taken from the solvent as 
used 

2 Acetone Baker’s or Merck’s reagent grade 

3 Sesame oil A sample kept in the laboratory for at least several 
weeks was used 0 1 ml of the oil made to 2 ml with Skellysolve should 
have a — log T value of less than 0 002 with 10 ml of the iron-bipyndine 
leagent If the —log T value is higher, correction has to be made 

4 Iron-bipyridme reagent, as recommended by Merck and Company to 

Devlin and Mattill (4) 250 mg of FeCh 6 H 2 O (reagent grade) and 500 

mg of a, a'-bipyridine are made to 1 liter with glacial acetic acid 

5 Synthetic di-a-tocopherol 

Procedure — 30 to 50 gm of muscle, neighed to 0 2 gm , are emulsified 
with about 100 ml of acetone in a Warrng blendor for 6 minutes and 
washed mto a centrifuge tube with an additional 350 ml of acetone 
Determinations can be made with 5 gm of muscle but with a larger error 
After 24 hours, the tube is centrifuged, the residue once more extracted 
noth acetone, once with one-half acetone and one-half Skellysolve, and 
once with one-third acetone and two-thirds Skellysolve The combined 
extracts are transferred to a 3 liter separatory funnel, and vater is added 
until two distinct layers are formed The Skellysolve phase is saved, the 
watery phase is twice extracted with 200 ml of Skellysolve, and the combined 
Skellysolve extracts are washed three times with 500 ml of distilled vater, 
centrifuged, and evaporated m an all-glass apparatus under reduced pres- 
sure in an atmosphere of nitrogen The residue is washed into a 25 ml 
flask with approximately 20 ml of Skellysolve, 1 to 2 ml of sesame oil 
(according to its color-depressing properties) is added and the volume made 
to 25 ml with Skellysolve The mixture should be slightly yellow and 
entirely clear In rare instances, a brown, strongly reducing pigment is 
noted which interferes with the determination The pigment can often 
be removed by washing the Skellysolve extiact with a 2 per cent NajCCh 
solution 

For the carotene determination, the —log T value of the optically clear 
solution is determined in a Coleman umversal spectrophotometer or in a 
Beckman spectrophotometer with Skellysolve as blank at 4400 A The 
concentration is read from a calibration curve 4 

Two standard solutions containing 40 to 50 and 80 to 100 y of synthetic 
dl-«-tocopherol per ml of Skellysolve (determined to 1 y) are prepared 

Aliquots of the muscle extract of 1 ml each are pipetted into three test- 
tubes, to one of these is added 1 ml of Skellysolve, and to each of the other 
two 1 ml of the standard tocopherol solutions To each test-tube are 

4 We are indebted to Dr Dorothy Andersen and Mrs Helen Kennedy for a carotene 
calibration curve 
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added 10 ml of iron-bypyndine reagent, 2 ml of Skellysolve containing 
the same amount of tlie same sesame oil as the unkn own plus 10 ml of 
iron bipyndme reagent sen e as n blank The tesktubes are kept in the 
dark Approximately everj minute a —log T reading is taken, starting 
with the sample to n hich the higher tocopherol concentration was added 
As soon as the maximum reading is reached, the second tocopherol-con- 
taining sample is examined, and finally the sample to which no tocopherol 
had been added This procedure is possible because it was found expen- 
mentallj that the maximum reading appears fastest in the sample with the 
highest tocopherol concentration The dilutions of the extracts should be 
such that none of the —log T readings exceeds 0 4 


Table II 

Tocopherol Content of Skeletal Muscle ( Chemical Analysis ) 


Speaes 

Tocopherol per 1000 gm. 
wet muscle 

1 

Speaes 

Tocopherol per 1000 gm. 
wet muscle 


m 


me 

Human 

is 

Rat 

17 


20 


18 


21 


18 


23 


19 


24 


21 


25 


24 


29 


29 


29 




30 

Cattle 

20 


33 




4S* 




* From a case of myasthenia gravis 


The uncorrectod xalue, x, for the number of micrograms of tocopherol 
per ml of diluted extract is given by the expression x = fen)/ fe— e0 where 
ei represents the —log T value of the unknown, e- that of the unknown plus 
n 7 of tocopherol, and n the number of micrograms of tocopherol added 
For each microgram of carotene per ml of diluted extract, 4 8 is subtracted 
from the value for x All results are finally computed on the basis of mg 
of tocopherol per 1000 gm of muscle 
With different tocopherol additions and different extract concentrations, 
the maximum errors observed did not exceed ±10 per cent 

Results 

Muscles from humans, rats, and in one case from cattle, hat e been ex- 
amined (Table II) For the experiments on humans; the psoas muscle 
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was used as soon as possible aftei the death of the patient No attention 
has so far been paid to the cause of death The rats used had been kept on 
Rockland pellets throughout life Any kind of skeletal muscle uas used 
The results indicate values considerably higher than those reported by 
Karrer, Jaeger, and Keller (8), who found 5 9 mg per 1000 gm of cattle 
muscle, and by Hines and Mattill (6), who reported 7 5 mg of tocopherol 
per 1000 gm of rat muscle In both instances, filtration and saponification 
of the extracts had been performed and no bioassays were earned out by 
the authors 

Bzoassays — In order to check the above values, bioassays were earned 
out Albino rats, whose ancestry had been kept for seven generations on 
an Evans-Burr diet, were mated, and they and their offspring were placed 
on the day of birth of a fitter on a diet 5 consisting of lard 10 parts, casein 
(crude) 30 parts, cerelose 54 parts, celluration 2 parts, salt mixture 8 4 
parts, thiamine chloride 2 mg per kilo, riboflavin 4 mg per kilo, pyn- 
doxme 4 mg per kilo, nicotinic acid 100 mg per kilo, cholme 1000 mg per 
kilo, vitamin K 4 mg per kilo, p-aminobenzoic acid 300 mg per kilo, 
calcium pantothenate 10 mg per kilo, and percomorph oil 6 7 0 2 ml per kilo 
The females were used for bioassays after they had reached a weight of 
170 gm or more They were left for 5 days with the male Pregnancy 
occurred m 97 times out of 127 mating experiments m rats of below 6j 
months of age In forty-three tests earned out when these rats were 6) 
to 8| months old, pregnancy was observed thirty-three times Thereafter, 
the precentage of pregnancies declined considerably Only rats of below 
6| months of age were used for the expenments reported in this paper 
In the majority of the tests, the desired amount of tocopherol and a com- 
parable dose of muscle extract were fed to a pair of fitter mates 

Table III demonstrates the number of fitters and of resorptions observed 
with different tocopherol supplements at different age levels When the 
percentage of litters was plotted against the tocopherol supplement, the 
resulting curves suggested a “mean fertility dose” of about 1 1 mg of 
synthetic «-tocopherol for the younger group and about 1 3 mg for the 
older ones In view of the fact that the members of the older group had 
previously received doses of from 1 to 2 mg of tocopherol, it was concluded 
that those previous supplements had no measurable effect on the sub- 
sequent tests The results also indicated that the tocopherol requirements 

6 The diet used in these experiments was developed in cooperation with Dr Charles 
Slanetz, Department of Animal Care, College of Physicians and Surgeons, Columbia 
University We gratefully acknowledge his cooperation in the bioassay work 

• Per cent composition NaCl 4 35, MgSCh 13 70, NaH.PCh 8 72, KiHPO< 23 98, 
CaHjPO, 13 58, feme citrate 2 97, Ca lactate 32 70 

1 We are indebted to the Abbott Laboratories for the synthetic vitamins 
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of the older group were not considerably higher than those of the younger 
group It was therefore decided to combine the results of the two groups 


Table III 

Mating Experiments with Tocopherol-Deficient Female Rats at Different Ages 


a-TocopheroI supplement 

Below 4 zoos 

4~6$zbds 

No of resorptions 

No of litters 

No of resorptions j 

No of litters 

nz 

0 0 

n 

0 

8 

0 

0 5 

6 

0 

2 

0 

0 75 

2 

2 

5 

3 

1 0 

4 

4 

3 

2 

1 5 

3 

5 

2 

2 

2 0 



2 

5 


% litters 



Fig 5 Bioaasays with graded doses of tocopherol # represents the results 
with synthetic df-a-tocopherol, O the results with muscle The figures close to the 
symbols give the numbers of experiments at the respective levels 

for comparison with the animals that had received muscle extract The 
latter were proportionally of the same age as the controls 
On the 5th day after mating had begun, the male was remoi ed and 30 
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gm of the experimental diet containing the tocopherol supplement were 
offered, which the rats finished in 2 to 3 days Particular care was taken 
that the cages were clean when the tocopherol-containing food was offered, 
and that the rats had completely finished it before the subsequent feeding 
The weight of the animals was taken daily, beginning 15 days after mating, 
and they were examined daily for the presence of a vaginal plug Only 
when a vaginal plug was follow ed by a weight gam and then by weight loss, 
was it taken as proved that resorption had occurred The birth of a living 
litter surviving for at least 1 day was accepted as a positive result 

For the bioassays of the muscle extracts, the tocopherol content of the 
extracts was calculated according to the chemical test The extract was 
diluted with experimental diet, so that 30 gm contained the desired amount 
of tocopherol Otherwise, the animals were treated exactly as the controls 
that leceived synthetic dZ-a-tocopherol 

No “first litter fertility” was observed (Fig 5), and at least 2 months 
were allowed to elapse between tests on the same female, if a litter was 
bom, the rat was not mated for 2 months after the birth of the young 
Fig 5 demonstrates the lesults of the bioassays No litters were ob 
served in eight pregnant rats with 0 5 mg of synthetic dha-tocoplierol, or 
in six that had received muscle extract supposedly containing 0 5 mg of 
tocopherol With 0 75, 10, 15, and 2 0 mg , the number of fitters rose 
from 38 to 70 per cent The results suggest a “mean fertility dose” of 
1 25 mg of synthetic df-a-tocopherol for this particular colony of rats 
With muscle extract, the tocopherol content of which had been deter- 
mined by the chemical method, the results were found to be within ±10 per 
cent of those obtained with synthetic df-a-tocoplierol 

DISCUSSION 

Mason (7) used whole rat muscle as substrate for tocopherol bioassays 
With 60 gm of muscle of rats kept on dog chow, 50 per cent positive results 
were observed 

In these experiments, the chemical analysis revealed values of 17 to 30 
mg of tocopherol per 1000 gm of muscle, the bioassay indicated a “mean 
fertility dose” of 1 25 mg of tocopherol, which suggests that 40 to 70 gm 
of muscle would yield 50 per cent positive responses Tins is in good 
agreement with Mason’s findings, and it is an indication of the fact that 
complete extraction of the tocopherols is achieved without hydrolysis of 
the tissue 

The circumstance that the bioassays, for which synthetic df-a-tocopherol 
had been used as standard, agree with the chemical analyses indicates that 
the bulk of the reducing substances in a Skellysolve extract of muscle, 
except for carotenes and vitamin A, is tocopherols and that the bulk of the 



H KAUXITZ VXD J J BEAVER 


217 


tocopherols consists of a-tocopherol If any considerable amount of the 
/? or 7 form were present, no agreement between chemical and bionssay 
could be expected m view of the much lower biological activity of the 
latter 8 

The agreement between chemical and bioassaj methods also suggests 
that the bulk of the a-tocopherol in the muscle is present in its free, not 
estenfied form, because tocopherol esters would not react with theiron- 
bipyndine reagent 


SUMMARY 

1 \ chemical method for the determination of tocopherols in skeletal 
muscle is described 

2 In human and rat muscle, 17 to 30 mg of tocopherol per 1000 gm of 
wet muscle were recovered 

3 The chemical findings were checked by bioassays, agreement withm 
±10 per cent between the two methods could be demonstrated 

4 The conclusion seems permissible that the bulk of the reducing sub- 
stances m a Shelly solv e extract of muscle consists, except for carotenes and 
vitamin A, of non-estenfied a-tocopherol 

We wish to thank Dr Alwin hi Pappenheimer for his suggestions and 
his unceasing interest m this work, and Miss Ruth Ellen Johnson for 
technical assistance 


BIBLIOGRAPHY 

1 Ivaunitz, H , and Beav er J J , J Biol Chcm , 156, 653 (1944) 

2 Kaumtz, H , and Beaver, J J , J Biol Chem , 166, 661 (1944) 

3 Emmene, A , and Engel, C , Rec tear chim Pays Bas, 69, 246 (1940) 

4 Devlin, H B , and Mattill, H A , J Biol Chem , 146, 123 (1942) 

5 Maj er, G G , and Sobotks, H , J Biol Chem , 143 695 (1942) 

6 Hines, L R , and Mattill, HA , J Biol Chem , 149, 549 (1943) 

7 Mason, K E , J Nvlr , 32, 71 (1942) 

8 Ivarrer, P , Jaeger, W , and Keller, H , Helv chim acta, 23, 464 (1940) 

9 Sams, P L , Jensen, J L , Joffe, M , and Mason, K E , J Biol Chem , 166 491 

(1944) 


* Dr P L Hams suggested a different explanation (9) Hams, Jensen, Joffe, and 
Mason have found that the biological activity of natural a tocopherols is 50 per 
cent greater than that of the sj nthetic a tocopherol It is therefore possible that 
mixtures of natural a tocopherol with the 0 and y forms could give the same effect 
as synthetic a tocopherol While this possibilitv cannot be ruled out at present, 
it does not seem probable that mixtures containing the 0 and y forms in anv con 
siderable amount would give agreement of the chemical and bioassay methods 
used for these experiments 




SYNTHESIS OF ACETIC ACID CONTAINING ISOTOPIC 
CARBON IN THE METHYL GROUP* 

BrH S ANKER 

(From the Department of Biochemistry, CoUege of Physicians and Surgeons, 
Columbia Unttersily, New Yorh, and from the Department of 
Biochemistry, University of Chicago, Chicago ) 

(Received for publication, July 16, 1946) 

Studies of intermediary metabolism by means of tbe isotopes of carbon 
require methods for the synthesis of compounds that contain the isotope 
m a known position of the carbon chain It is possible to introduce isotopic 
carbon mto a carboxyl group by the interaction of a Gngnard compound 
with isotopic carbon dioxide It is also possible to synthesize compounds 
via acetylene, with the isotope m two adjacent carbon atoms (1) How- 
e\ er, the introduction of the isotope mto other positions requires methods 
not ordinarily used in orgamc syntheses The problem is further compli- 
cated by the fact that isotopic carbon is available only m the form of carbon 
dioxide or of sodium cyanide 

The present report describes a synthesis for acetic acid, with the isotope 
m the methyl group only (C*HjCOOH, 2-C*-acetic acid), starting from 
sodium cyanide Isotopic sodium cyanide is converted mto zinc cyanide 
and condensed with phenol to yield p~liy droxybenzaldimine hydrochloride 
The crude product is dissoh ed m concentrated hydrochloric acid and re- 
duced by amalgamated zinc and hy drochlonc acid The resulting cresol 
is then oxidized by chromic acid to yield acetic acid By this procedure the 
carbon atom of the methy 1 group of the acetic acid is derived from that of 
the original cy amde, whde the carbon atom of the carboxyl group is dem ed 
from one of the carbon atoms of the phenol Isotope analyses of the acetic 
acid and of the products of decarboxy lation of lithium acetate, i e acetone 
and carbon dioxide, confirm this, the acetone containing the calculated 
isotope content, about four-thirds of that of the acetic acid, while the car- 
bon dioxide contains no excess of isotope 

exp ekementai. 

■p-Hydroxybenzaldimine Hydrochloride (2) — 5 9 gm of zinc cyanide (3), 
0 1 gm of potassium chloride (4), 13 gm of phenol, and 130 cc of dry ether 
are mixed m a 500 cc 3-neck flask, equipped with inlet tube, stirrer, and 
reflux condenser with a drying tube Under stirring, dried hydrogen 
chloride gas is introduced at a rapid rate After a few minutes the zmc 
cyanide dissoh es and after about 20 minutes a liquid separates which 
gradually solidifies After about 1 hour the mixture is saturated with hy- 
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drogen chlonde, which begins to appear at the outlet of the drying tube 
For 3 more hours hydrogen chlonde gas is introduced at a reduced rate 
During this procedure, the reaction vessel should be protected from direct 
daylight The precipitated crystals which consist mainly of p-hydroxy- 
bonzaldimme hydrochloride and a small amount of o-hydroxybenzaldimine 
hydrochloride (2) are separated from the solution by decanting and are 
washed three times with dry ether 

p-Crcsol (5 ) — 60 gm of amalgamated zinc (mossy or turnings) and 120 cc 
of hydrochloric acid (1 1) arc heated to boiling The hydroxybenzaldimine 
hydrochlorides are dissolved in 60 cc of concentrated hj'drochlont acid and 
this solution added drop wise over 1 hour to the rapidly refluxing reducing 
mixture After all of the -solution has been added, the mixture is refluxed 
for 3 more hours It is filtered through glass wool, diluted with 3 to 5 
volumes of water, and extracted several times with ether The ether is 
evaporated to yield p-cresol, admixed with small amounts of o-cresol 
Yield, 8 2 gm (76 per cent) 

Accltc Acid ( 6 ) — 2 gm of p-cresol are dissolved m 25 cc of concentrated 
sulfunc acid and added to a mixture of 30 gm of chromium tnoxide dis- 
solved m 25 cc of water and 150 gm of ice .After standing for 12 hours 
at room temperature, 75 cc of concentrated sulfuric acid are added and the 
mixture refluxed for 3 hours The acetic acid is separated from the reac- 
tion mixture by steam distillation This requires about 1 hour The dis 
tillate is treated with an excess of silver carbonate, filtered hot, and the 
silver acetate is crystallized from the concentrated filtrate The yield is 
50 to 70 per cent, as determined by titration of an aliquot with standard 
sodium hydroxide solution, before the addition of silver carbonate 

Decarboxylation (7) — 0 5 gm of reerystallized silver acetate is dissolved 
in sufficient hot water and an equal molar amount of lithium bromide is 
added The precipitated silver bromide is filtered off, the filtrate 
e\ aporated to dryness, and the residue dried ovei phosphorus pentoxide in 
vacuo About 80 mg of the lithium salt were heated in a stream of nitro- 
gen (8) to about 400° and the acetone distilling o\ er condensed in a tube 
cooled by drj r ice The trap was then inserted into a micro combustion 
tram and the carbon dioxide formed by combustion precipitated as banum 
carbonate from a concentrated barium hydroxide solution The residual 
lithium carbonate m the decarboxylation vessel was dissolved in dilute 
hydrochlonc acid and the carbon dioxide liberated swept by a nitrogen 
stream into concentrated barium hydroxide solution and also precipitated 
as barium carbonate 

Isotope Distribution — In an experiment m which the sodium cyanide used 
as starting material contained an excess of 0 2 atom per cent C 13 the acetic 
acid prepared had an excess of 0 093 per cent C 13 , t e 0 186 per cent excess 
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C 13 in the methyl carbon The carbon dioxide obtained by decarboxylation 
did not contain any excess C 13 (+0 01 per cent, —0 012 per cent), while the 
acetone obtained contained an excess of 0 121 per cent C 13 , jc 0 183 per 
cent excess C 13 in the methyl carbon in good agreement with the \alue ob- 
tained for acetic acid 

The author is indebted to Dr D Rittenberg of the Department of Bio- 
chemistry, Columbia University, for the isotopic sodium cyamde and to 
Mr I Sucher, of the Department of Biochemistry, Columbia University, 
for the isotope analyses 


SUMMARY 

Acetic acid has been synthesized containing isotopic carbon m the methyl 
group only 

The average yield of acetic acid based on the amount of sodium cyamde 
used as starting material is greater than 50 per cent 
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NITROGEN METABOLISM IN PYRIDOXINE LNSDEFICIENCY 
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(From the Department of Public Health Nutrition, School of Hygiene, University 
of Toronto, Toronto, Canada ) 

(Received for publication, August 19, 1946) 

A relation of vitamin B6 compounds to protein metabolism appears to be 
established, although the precise mode of action is not yet known In 
1941 McIIenrj and Gavm (1) reported that pyndoxme was necessary for 
the synthesis of fat from protein m rats and suggested that this vitamin 
was essential for the metabolism of protein Cerecedo and Foy (2) found 
that pyndoxme deficiency m rats could be accelerated in onset and in- 
creased in se\ entj b> maintenance of the animals on a high protein diet 
Proof of the relation of pyndoxme to protein metabolism has been obtained 
by the observations of Schlenh and Snell (3) and of Lichstem et al (4) re- 
lating the vitamin to enzyme systems Using another approach, Sure 
and Ford (5) reported inconclusne results from a study of nitrogen me- 
tabolism This paper descnbes an investigation of the effects of pyn- 
doxme depletion upon nitrogenous metabolites in rats and dogs 

Studies on Rats 

Afethod — Albino rats of the Wistar strain, reared m the colon}' of the 
Connaught Medical Research Laboratones, were used In part of the 
stud} rats with an initial weight of about 100 gm were emplo} ed, in other 
cases the initial weight was approximately 135 gm All rats were housed 
in individual screen bottom cages with water supplied ad libitum A high 
protein diet containing vitamins A and D similar to that described b} 
McHenr} and Gavin (1) was used throughout B vitamins were given 
b} subcutaneous injection m the following amounts per rat per da} thia- 
mine chlonde 25 y, riboflavin 25 y, niacin 100 y, calcium pantothenate 
100 y, choline chlonde 10 mg Control animals also received 40 y of 
pyndoxme hydrochlonde per day 

Blood was obtained from the exposed heart after the administration of 
nembutal Blood constituents were determined by the following pro- 
cedures urea, Barrett (6) , ammo nitrogen, Fohn as modified by Danielson 
(7), unc acid, Benedict as descnbed by Todd and Sanford (8), allantom, 
Young et al (9), creatine plus creatinine, Peters (10), total heto acid, Lu 
(11), non-protem nitrogen, by nesslenzation of a tnchloroacetic acid 
or tungstic acid filtrate after heating with sulfunc acid and h} drogen pe- 
roxide All procedures, except that for ammo nitrogen, were adapted so 
that a Coleman spectrophotometer could be used for color estimations 
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Fasting Blood Levels of Protein Metabolites m Pyndoxme-Depleted and 
Control Rats — Rats were maintained on the experimental regimen for 
3 to 5 weeks before removal of blood for analysis In all cases depleted 
rats lost about 20 per cent m weight, while controls gamed about the 
same amount Determinations of uric acid and allantom were made on 
one sample of blood, as was the case with urea and keto acids Because 
of the quantity of blood required and the small amount available, it vas 
necessaiy to use separate groups of rats for all other analyses Every 
effort was made to have all groups comparable with regard to sex, body 
weight, and treatment All animals were fasted 16 hours before with- 
drawal of blood The results are shown in Table I 


Table I 


Average Content of Protein Metabolites tn Rat Blood 


Metabolite 


Control 

Pyndoxine depmed 

No of 
rats 

Average and s d 

No of 
rats 

Average and SJ) 

Ammo nitrogen 

26 

mg per cent j 

7 1 =fc 0 3 

32 

mg per cent 

7 4 ±0 3 

Unc acid 

15 

1 8 ± 0 06 

13 

1 7±0W 

Allantom 

15 

7 7 rt 0 3 

13 

7 6 ± 0 3 

Non-protein nitrogen 

40 

52 5 ± 1 06 

34 

61 5 ± 2 0 

Urea 

22 

50 0 ± 1 63 

19 

82 0 ± 4 1 

Creatine + creatinine 

12 

2 6 ± 0 13 

13 

3 6 ± 0 2 

Total keto acids 

13 

1 1 ± 0 15 

16 

1 0 dt 0 13 


The only significant difference found betw een depleted and control rats 
was a higher level of urea (and consequently of non-protein nitrogen) in 
the depleted animals No increases were observed m hemoglobin or m 
erythrocytes, indicating that hemoeoncentration w r as not a factor 
Changes m Blood Urea Levels after Test Dose of Ammo Acids — Because 
of the apparent relation of pyndoxine to the level of blood urea, imesti- 
gations were made of the effect of a test dose of ammo acids upon the 
blood urea of control and depleted rats Each rat received mtra- 
pentoneally 60 mg of nitrogen contained in 5 cc of a 10 per cent solution 
of casein hydrolysate (amigen, kindly supplied gratis by Mead Johnson and 
Company) Groups of twenty-five to thirty rats were maintained on the 
same regimen as m Experiment 1, but the average initial weight vas 
135 gm After animals had been maintained thus for 3 iveeks, they were 
fasted 16 hours, casern hydrolysate was administered, and at intervals 
groups of three to six animals were killed to obtain blood Because sig- 
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mficant changes were obsened m Experiment 1 only with regard to urea 
and non-protem nitrogen, analyses m Experiment 2 were Luxated to those 
constituents Results are shown in Fig 1 A duplicate experiment 
gaie entirely comparable data 

It mil be observed from Fig 1 that depleted rats showed a greater and 
more sustained increase m blood urea Xo such change was observed in 
other depleted animals after an injection of the same volume of isotonic 



Fio 1 Changes in ure3 and non protein nitrogen in the blood of rats after a test 
dose of amino acids 

salme, nor in normal animals maintained on a diet of fo\ chow (Toronto 
Eleiators) after the administration of casern hjdroljsate 
In another experiment the load of ammo acid nitrogen was supplied by 
injecting 5 cc of 7 G per cent dl alanine m distilled water Changes in 
blood urea m both control and depleted animals were entirelj comparable 
to those found after the administration of casern hjdroljsate Con- 
sequent^, these data are not included 

Studies on Dogs 

More information was sought regarding the r61e of pyndoxme in protein 
metabolism b> studying the blood Ie\ els and the excretion of various me- 
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tabolites m dogs with and without the vitamin The microcytic hypo- 
chromic anemia, characteristic of pyridoxine insufficiency m dogs, was 
used as a entenon of depletion Three dogs, two adult and one pup, were 
maintained on a diet with the following percentage composition casein 
42, sucrose 35, lard 9, corn oil 3, bone meal 2, salt mixture 2, 1 cod liver oil 
1, liver fraction 3, agar 3 The liver fraction was an alcohol-soluble ma- 
terial prepared m the Connaught Medical Research Laboratories It was 
treated with Super Filtrol (Filtrol Corporation) to reduce the pyridoxine 
content from 40 to 1 y per cc The total amount of pyridoxine in the 
diet was negligible The following vitamin supplements were added 
daily to the diet of each dog thiamine chloride 1 5 mg , nboflavin 1 5 mg , 
calcium pantothenate 6 mg , macm 30 mg , choline chloride 750 mg , mositol 
1 gm One adult dog also received 1 5 mg of pyridoxine hydrochlonde 

Samples of urine and feces ivere Collected for 3 day periods at intervals 
of about 2 weeks Analyses were made on pooled material for each penod 
with the following procedures total nitrogen, macro-Kjeldahl, urea and 
ammonia in urine, Van Slyke and Cullen (12), ammo nitrogen m urine, 
Folin as modified by Danielson (7) , uric acid in urine, Benedict and Franke 
(13) , allantoin in urine, Young and Conway (14), creatinine in urrne, Folin 
(15) 

Samples of venous blood were withdrawn at different periods for hema- 
tological and chemical studies Procedures used for metabolites were 
those listed for investigations with the rat Hemoglobin was measured by 
the cyanmethemoglobm method of Collier (16) Hematocrit, erythrocyte 
counts, leucocyte counts and differentials, and reticulocyte estimations 
were accomplished by standard methods 

The young dog deprived of pyridoxine developed only a mild anemia and 
difficulties were found in obtaining authentic samples of urme Con- 
sequently, data from this dog are not included The other dog not re- 
ceiving pyridoxine developed a marked anemia which responded promptly 
to administration of the vitamin 

To abbreviate the piesentation of data, Table II has been restricted to 
significant findings Data have been selected as characteristic of certain 
phases These show a marked decrease in hemoglobm and hematocrit 
with a prompt recover}' after pyridoxine hydrochlonde was supplied 
m the 25th week at a level of 1 5 mg per day At no time w ere there any 
significant changes in blood composition Comcident with the appearance 
of insufficiency, as indicated by anemia, there was a significant increase 
m the excretion of urea, ammonia, and uric acid To economize in space, 
only three sets of values for the control dog are shown While there was 
some v ariability m the quantities of metabolites, at no time did the control 

1 Salts 40 (Steenbock, H , and Nelson, EM,/ Biol Chem , 66, 362 (1923)) 
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Observations on Pyndoxtne Deprivation m Dogs 
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animal show an anemia or a marked increase m the excretion of urea, 
ammonia, and uric acid 


DISCUSSION 

In the comparison between rats given pyridoxme and those depnved 
of this vitamin, maintained on a high protein diet, the significant changes 
m blood levels of metabolites v ere the increases in urea and in non-protein 
nitrogen m the deprived animals Such increases might be due to in- 
creased catabolism of ammo acids, to diminished excretion of urea, to 
blood concentration, or to a failure in anabolic processes involving trans- 
amination The explanation of blood concentration is unlikely since there 
was no mciease m hemoglobin or m seieral other constituents The final 
explanation, a possible failure m transamination, is consistent with the 
observations of Snell el al (3) and of Gunsalus cl al (4) relating pyndoxme 
to transaminase 

In the case of rats deprived of pyndoxme and given loads of casein 
hydrolysate or of alanme, the sustained rise m urea would be expected 
from the first observations and was in harmony with the transaminase 
explanation of pyndoxme action 

Data regarding urea excretion are not available from the rat studies 
The pyridoxme-depnved dog showed a significant mcrease in urea excretion 
and, also, m the urinary content of ammonia, uric acid, and creatinine 
Results of vitamin insufficiencies in two species are not always compar- 
able and, m this case, there aie diffeiences The depnved rat shoved an 
mcrease in blood urea, a change which was not seen in the dog, which did 
have an increased excretion of urea It could be said that pyndoxme 
deprivation did not inhibit urea formation m either species It is possible 
that urea was not normally excreted in the depnved lat but was m the dog, 
thus preventing an mcrease in blood urea The data lead to the opinion 
that pyridoxme insufficiency causes an interference with nitrogen utiliza- 
tion but does not interfere with the formation of urea This, again, may 
be concordant with the transaminase explanation of pyndoxme action 

Observations on humans have not yet elicited definite signs of pyn- 
doxme deficiency If pyndoxme functions in an essential enzyme system, 
signs of such deficiency might be anticipated The present observations 
suggest that studies of nitrogen metabolites might provide signs of py- 
ndoxme insufficiency and that the use of a test load of ammo acids might 
be advantageous in such studies 

SUMMARY 

Deprivation of pyndoxme m rats fed a high protein diet caused an in- 
crease in the fastmg blood levels of urea and of non-protein nitrogen Ad- 
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ministration of casein hydrolysate or of alanine to deprived rats caused a 
marked and sustained mcrease in blood urea A dog deprived of pyri- 
doxin e developed a microcytic, hypochromic anemia and showed an in- 
creased urinary output of urea, ammonia, unc acid, and creatinine These 
observations are consistent with the transaminase explanation of pyndoxme 
action They suggest signs of pyndoxme insufficiency which might be 
sought m man 

This investigation was greatly aided by a grant from the Division of 
Natural Sciences of the Rockefeller Foundation 

BIBLIOGHAJPHT 

1 McHenry, E W , and Gavin, G , J Biol Chem , 138, 471 (1941) 

2 Cerecedo, L R , and Foj , J R , Arch Biochem , 6, 207 (1944) 

3 Sehlenh, F , and Snell, EE,/ Biol Chem , 167, 425 (1945) 

4 Lichstein, H C , Gunsalus, I C , and Umbreit, W W , J Biol Chem , 161, 311 

(1945) 

5 Sure, B , and Ford, Z W , J Nulr , 24, 405 (1942) 

6 Barrett, J F , Biochem J , 29, 2442 (1935) 

7 Danielson, IS,/ Biol Chem , 101 505 (1933) 

8 Todd, J C , and Sanford, A H Clinical diagnosis by laboratory methods, 9th 

edition, Philadelphia, 355 (1942) 

9 Young, E G , MacPherson, C C , Wentworth, H P , and Hawhms, W W , / 

Biol Chem , 162, 245 (1944) 

10 Peters, J H , / Biol Chem , 146, 179 (1942) 

11 Lu, G D , Biochem J , 33, 249 (1939) 

12 Van Sljke, D D , and Cullen, G E , / Biol Chem , 19, 211 (1914) 

13 Benedict, S R , and Frante, E , J Biol Chem , 62, 3S7 (1922) 

14 Young, E G , and Conway, C F , J Biol Chem , 142, 839 (1942) 

15 Folin, A , Z physiol Chem , 41, 223 (1904) 

16 Collier, H B , Conod Med Asm J , 60, 550 (1944) 




THE COLORIMETRIC ESTIMATION OF PROTEINS IN 
VARIOUS BODY FLUIDS* 

Br ANTHONY A ALBANESE, VIRGINIA IRBY, and BARBARA SAUR 

(From the Children’s Medical Service of Bellevue Hospital and the Department of 
Pediatrics, New York University College of Medicine, New York) 

(Received for publication, July 22, 1946) 

In undertaking a study of infantile nephrosis, we were confronted with 
the problem of having to determine the total protein content and albumin- 
globulin ratios of numerous specimens of blood, unne, and abdominal fluid 
The commonly employed colorimetric (1) and nephelometric (2) methods 
yielded results m our hands which did not compare favorably with those of 
the time-consuming micro-Kjeldahl procedure These circumstances led 
us to attempt the determination of the proteins in these body fluids in terms 
of arginine which can be determined directly in whole proteins by means of 
the Sakaguchi reaction (3) Our experiments disclosed that when alkaline 
solutions of the protein fractions, obtained by treatment of the specimens 
with trichloroacetic acid or sodium sulfate solutions of appropriate concen- 
tration, were submitted to the modified Sakaguchi reaction (4) arginine 
values v ere obtained which when factored gave protein figures closely ap- 
proximating those secured by the micro-Kjeldahl technique The ease 
and rapidity of operation, high degree of accuracy, and diminished sample 
size required in the new procedure hat e prompted us to discard the Kjeldahl 
method for w ork of this nature 

Reagents — 

Sodium hypochlorite AO 06 r. solution was prepared as needed from the 
commercially available Clorox The necessary dilution of the stock 
product was ascertained lodometncally as follows To 1 cc of Clorox m a 
125 cc Erlenmej er flask are added 25 cc of chlorine-free water in w hich has 
been dissolved 1 gm of HI The mixture was then titrated with 01 k 
sodium thiosulfate, 1 cc of starch indicator being used The stock product 
has been found to be fairly stable for 3 to 4 months if kept in the refrigerator 
m a brown bottle 

Sodium hydroxide 10 per cent solution 

Urea 20 per cent solution 

a-Naphthol 100 mg of the resublimed product are dissolved in 100 cc 
of 95 per cent ethanol The solution is kept m a brown bottle and stored 
m the refrigerator 

'Aided by grants from the Rockefeller Foundation and the National lave Stock 
and Meat Board 
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Arginine standard 12 05 mg of Z(-f )-argimne hydrochloride, Merck 
(26 6 per cent N found), are weighed accurately and dissolved in 100 cc of 
a saturated aqueous solution of benzoic acid 1 cc of this solution is equi- 
valent to 100 y of the free base This solution is stored in the refngerator 
Ether Reagent grade can be used as obtained 
Trichloroacetic acid 5, 10, and 30 per cent solutions are required 
Sodium sulfate, anhydrous 22 and 44 per cent solutions are employed 
and are stored in a 37° incubator 

Analytical Procedure 

Blood Total Proteins — 0 5 cc of plasma was transferred to 10 cc of 10 
per cent trichloroacetic acid m a 15 cc centrifuge conical tube and after 
standing for 10 minutes at room temperature centrifuged at 3000 rpm for 
10 minutes The supernatant fluid was decanted into a 100 cc Kjeldahl 
flask and treated m the customary manner for the determination of non- 
protein nitrogen by the micro-Kjeldahl method The precipitated protein 
was washed by resuspension m 5 cc of 5 per cent trichloroacetic acid, cen 
trifugation, and decantation of the supernatant fluid The washed protein 
was dissolved m 10 cc of 10 per cent NaOH and 1 cc aliquots were removed 
for the arginine determination 

Globulin — 0 5cc of plasma was added with mixing to 10 cc of 22 per cent 
sodium sulfate in a 50 cc round bottom, small neck centrifuge tube and 
incubated at 37° for 3 hours or more At the end of the mcubation penod, 
3 cc of ether were added and then the heterogeneous mixture was shaken 
vigorously and centrifuged for 15 min utes at 3000 rpm The protein 
which collected at the ether-water interfaces was separated from both liquid 
layers by careful decantation The protein cake was washed by resuspen- 
sion m 10 cc of 22 per cent sodium sulfate and 3 cc of ether, centrifugation, 
and decantation of the liquids as described before The remaining protein 
disk was dissolved m 10 cc of 10 per cent NaOH and 1 cc aliquots removed 
for the arginine determination Gentle heatmg of the mixture m a hot 
water bath drives off the residual ether and thereby greatly facilitates solu- 
tion of the protein 

When only limited amounts of the sample are available, the total protein 
and globulin determinations can be performed on 0 1 and 0 2 cc of blood 
plasma m 15 cc centrifuge tubes respectively by a proportionate decrease of 
all the reagents Owing to the low non-protein nitrogen content of the 
trichloroacetic acid filtrates, this component is determined as follows in the 
micro adaptation of the method After digestion of the supernatant fluid 
has been completed, 5 cc of 0 01 n ammomum sulfate are added to 
the sample m order to increase the quantity of N to the range of maximum 
sensitivity of the micro-Kjeldahl determination An identical quantity of 
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ammonium sulfate is in a blank control determination Distillation and 
subsequent bone acid titration of tbe distilled ammonia are earned out 
accordmg to the procedure of Meeker and Wagner (5) The non-protein 
X of the sample is then estimated by the difference between the plasma 
sample and (NH<)-S0 4 blank readings 

Unne and Ascitic Fluid Total Proteins — 24 hour specimens of unne 
from nephrotic patients were collected m 2 liter bottles containing 3 cc of 
10 per cent alcoholic thymol The abdominal flutd was demed b\ para- 
centesis and like the urine presen ed with alcoholic thymol To 5 cc of 
unne or ascitic fluid in 15 cc centrifuge tubes were added 2 cc of 30 per 
cent trichloroacetic acid with vigorous mmng After 10 minutes, the tubes 
were centrifuged for 10 minutes at 3000 h j m The supernatant fluids were 
discarded by cautious decantation and the precipitated proteins washed by 
resuspension m 5 cc of 5 per cent trichloroacetic acid and another centrifu- 
gation The protein fractions were dissoh ed m 5 cc of 10 per cent XaOH 
and 1 cc aliquots renun ed for the arginine determination In the critical 
stages of the disease, both of these body fluids may contain large quantities 
of proteins and, m order to bring the colorimetric reading within the proper 
range, it becomes necessary to make a further dilution (usually 1 5) of the 
protein solution with 10 per cent NaOH 
Globulin — 10 cc of urine or abdominal fluid were incubated for 3 hours 
or more at 37° with 10 cc of 44 per cent sodium sulfate contained m a 50 cc 
round bottom, narrow neck centrifuge tube At the end of this tune, 3 cc 
of ether were added to each tube and mixed with vigorous shaking The 
globulin component was separated by centrifugation and decantation and 
then washed by a repetition of these steps after resuspension in 10 cc of 22 
per cent sodium sulfate and 3 cc of ether The resulting globulin frac- 
tion was dissoh ed m 10 cc of 10 per cent NaOH 
Colorimetric Determination of Arginine in Whole Proteins — To the 1 cc 
aliquots of the alkaline solutions of the proteins obtained from the body 
fluids are added 5 cc of water and 1 cc of a-napbthol reagent with ngorous 
mmng After 5 minutes, add 1 cc of diluted Clorox and exactly 1 minute 
later add 2 cc of 20 per cent urea solution The reaction mixture is al- 
lowed to stand for 5 minutes before reading in the Idett-Summerson 
colorimeter with Filter S-54 A 1 cc aliquot of the standard and reagent 
blank is run in parallel with the determination 

Calculations — After the colorimeter is set at 0 for the reagent blank, the 
arguune present in the protein samples is estimated by comparison with the 
value of the arguune standard The protein equn alent is obtained by mul- 
tiplying the arguune values by 19 2, a factor derived from the observ ed 
mean arginine content (52 per cent) of alb umin and globulin of these 
body fluids (6) The alb umin content is estimated by difference of the total 
protein and glob ulin figures 
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Results 

A linear relationship of color intensity to the amount of protein m the 
sample under the reaction conditions described is indicated by tests per 
formed on varying quantities of an alkaline solution of a purified urinary 
globulin, prepared m this laboratory by repeated recrystallization and elec 
trodialysis, which on analysis contained 12 97 per cent N, 0 49 per cent ash, 
and 5 08 per cent moisture (Fig 1) This observation recommends the 
color reaction as performed for analytical purposes It is also obvious from 
this that solutions of pure globuhn or albumin may be used as standards, 
but, since these are hard to prepare and difficult to keep, we have therefore 
preferred to employ an arginine standard 



Fig 1 Relation of color intensity of the Sakaguchi reaction to the amount of 
purified unnary globulin Each area represents the average value of five or moro 
determinations performed at 20-25° 

Typical results obtained by submitting aliquots of the same protein solu 
tions derived from the fractionation of various blood, urrne, and ascitic 
fluid samples to the colorimetric and micro-Kjeldahl methods are shown in 
Table I The close agreement of the figures obtamed by the two methods 
affirms the use of the factor 19 2, which was based on the values in the litera- 
ture, for arginine m albumin and globuhn of the blood, nephrotic urine, and 
abdominal fluids Conversely, these data suggest that the arginine contents 
of these proteins are quite similar, a deduction supported by the results of 
ammo acid analysis of the highly purified protein preparations which we have 
isolated from these body fluids and which will be reported subsequently 
The limited quantity of blood which is often obtainable from infants 
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under study led us to attempt the estimation of the proteins on smaller 
amounts of plasma than are usual!} employed These experiments showed 
that a minimum of 0 1 and 0 2 cc of plasma was required for the estimation 
of the total proteins and globulins with an accuracy comparable to that of 
0 5cc mns The accord of data obtained on samples which a ere submitted 

Table I 


Comparison of Results of Protein Analysis of Various Body Fluids Obtained by 
Micro Kjeldahl and Arginine Colonmetnc Methods 


Specimens 

Hicro-Kjeldabl method 
Protein - N X 6JS 

Arginine method 
Protein — arginine X 19 2 


Total 

pro- 

tein 

Albu 

nun 

Glob- 

ulin 


Total 

pro- 

tein 

Albu 

run 

Glob- 

ulin 

A G 
ratio 

(i) 



rrt 


sn 


trt 

/« 

pm 





per 

per 

per 


per 

per 

fir 





cent 

ctni 

cent 


cent 

cent 

cent 



JCormal adult 

A1 

6 55 

4 64 

1 91 

2 43 

6 60 

4 68 

1 92 

2 44 

-0 01 

plasmas 

Ha 

5 86 

4 07 

1 79 

2 27 

5 90 

4 06 

1 84 

2 21 

+0 06 


Ag 

6 50 

4 27 

2 24 

1 91 

6 52 

4 24 

2 28 

1 86 

+0 05 


A1 

Micro adaptation* 

6 48 

4 58 

CTiTi. 

2 41 

+0 02 


Ha 





5 82 

3 98 

1 84 

2 16 

4-0 11 


Ag 





6 50 

4 24 

2 26 

1 8S 

4-0 OS 

Plasma from 

Do, female, 

4 42 

I 21 

3 21 

0 38 

4 53 

1 24 

3 29 

0 38 

0 00 

nephrotic 

4 3 'rs 










children 

To, male, 2 

4 29 

1 74 

2 55 

lira! 

4 35 

mwU) 

2 65 

mi 

+ o 04 


3 -re 











Sa, female, 3 

3 69 

RjEj 

2 62 


F70 

rag 

2 71 

rag 

4-0 04 


jre 










24 hr urine 

Do, 1300 cc 

1 57 

0 96 

0 61 

1 57 

1 59 

0 97 

0 62 

1 56 

4-0 01 

from nephro 

To, 1600 " 


0 42 

0 19 

2 21 


0 42 

0 19 

2 21 

0 00 

tic children 

Sa, 1300 “ 


0 65 

0 23 

2 83 


0 63 

0 23 

2 78 

4-0 05 

Ascitic fluid 

Do, 4600 “ 

fjyff 

Hi 



Rt 

liTTd 



-0 20 

from nephro- 

To, 6000 “ 


0 11 

0 13 


fit? 

0 12 

0 12 


-0 15 

tic children 

Sa, 3800 “ 

00 

© 

0 11 

0 07 

1 57 

0 18 

0 11 

0 07 

1 57 

0 00 


* 0 1 and 0.2 cc aliquots of the above plasma were used for total protein and globu 
hn determinations, respectively 


to the macro- and microcolonmetnc and micro-Kjeldahl techniques indi- 
cates the analytical suitability of the micro modification 
A statistical examination of the results on the \ anous protein fractions 
reveals that the axerage difference between the albumin-globulin ratios 
dem ed by the arginine and micro-Kjeldahl methods is about 2 per cent 

Comments 

Our experiences mth the two colorimetric procedures employing the 
phenol reagent or the sulfosabcyhc acid reagent disclosed that the ease and 
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rapidity of operation embodied m these methods entailed too great a sacn 
fice m accuracy to warrant their adoption except for purely comparative 
purposes We, too, as have others before us (7), found the results of blood 
protein analysis by these techniques to show a variation of 10 per cent or 
more from the values obtained by the micro-Kjeldahl method We have 
found that the diffei ences in data secured by these colorimetric techniques 
and the micro-Kjeldahl method were as great as 50 per cent for the proteins 
of ui me and ascitic fluid These discrepancies are to be contrasted with the 
2 pei cent variation for all the repoited protem fractions between the 
arginine and micro-Kjeldahl techniques 

The cause of the greater accuracy of the arginine method compared with 
the other methods arises from the apparently uniform arginine content of 
these piotems as contrasted to their vai lability in dispersion characteristics 
and tyi osme content Our inability to obtain suitable data with the sulfo 
salicylic acid procedure evidently arose from differences in dispersion be- 
havioi of albumin and globuhn, since we later observed that widely diver- 
gent optical density values were given by solutions containing identical 
amounts of purified albumin and globulin The inherent errors of the 
tyrosine procedure can be readdy realized when it is noted that the equiva- 
lents reported range from 12 9 to 27 5 mg of albumin and 15 8 mg of globu- 
hn pel mg of tyrosme (8) It is apparent therefore that m terms of hetero- 
geneous pioteins of variable composition the results can only be considered 
valuable for relative comparison Other variations may be caused by the 
presence m proteins of factors other than tyrosme which will give colors 
with the phenol reagent (9) 


SUMMARY 

A colorimetric method for the estimation of total proteins and albumin- 
globulin ratios of plasma, nephrotic urine, and abdominal fluid by the Saka- 
guchi reaction has been described which has an accuracy comparable to the 
micro-Kjeldahl method The high sensitivity of the test permits a deter- 
mination of these protem components on 0 3 cc of human plasma and 
recommends the procedure for use in pediatric studies 

We wish to thank Dr Selma E Snyderman for securing the blood speci- 
mens reported m this work 
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THE CONVERSION OF CITRULLINE TO ARGININE 
(TRANSIMINATION) BY TISSUE SLICES 
AND HOMOGENATES* 
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(F rom the Laboratory of Physiological Chemistry, University of ITvseonsin, Madison) 

(Received for publication, July 26, 1946) 

The conversion of citrullme to arginine by a transimination reaction 
unolvmg glutamic acid and metabolically related compounds has been 
reported to take place in kidney slices by Borsook and Dubnoff (1) These 
authors found that liter shces did not catalyze the reaction and further 
that the breakdown of cell structure of kidney tissue, such as by homogeni- 
zation, resulted in a loss of activity 

In the course of an investigation on the mechanism of urea synthesis in 
liver, some evidence for the transimination reaction was obtained in 
homogenates fortified with adenosine triphosphate (ATP), magnesium 
ions, and cytochrome c These findings, which are reported in a separate 
publication (2), led to a study of the transimination reaction m kidney 
and other tissue homogenates Experiments reported in this paper deal 
with (1) the conditions required for demonstrating the transimination 
reaction in tissue homogenates and (2) the relative rates of this reaction 
in shces and homogenates of kidney and liver 

EXPERIMENT An 
Preparation of Tissues 

Slices — Livers and kidneys of adult white rats were remoi ed shortly after 
the animals had been decapitated, bled, and chilled on ice, and the slices 
were cut immediately thereafter For liver studies, three shces, totaling 
approximately 12 to 15 mg m dry weight, were used m each flask In 
kidney' studies, two shces, approximately 7 to 10 mg m dry eight, were 
used 

Homogenates — Tissues were removed from adult rats treated m the same 
manner as described above, and chilled on ice before being cut into small 
pieces to facilitate homogenization Homogenization was earned out m 
the apparatus of Potter and Elvehjem (3) The cold homogenate, after 
straining through four layers of cheese-cloth, was added to Warburg flasks 
containing cold medium and substrates All operations were earned out m 
aTcold room to insure maintenance of Ion temperatures The homogenate 

'Supported m part by a grant from the Wisconsin Alumni Research Foundation 
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which was piepared with 2 volumes of buffer (0 0128 M sodium phosphate, 
pH 7 4, 0 123 m sodium chloride, 0 005 m potassium chloride, 0 0033 m ' 
magnesium sulfate) was diluted to the final tissue concentration desired 
Liver homogenates, representing 10 to 15 per cent wet weight, were found to 
contain 2 to 3 mg of N per ml , 20 to 25 per cent kidney homogenate con- 
tained 4 to 5 mg of N per ml Aliquots of the homogenates were taken for 
analysis of the total nitrogen, on which basis the results are expressed 

A representative homogenate of liver tissue was examined for cytolysis 
Macroscopically, it w as an opaque homogeneous preparation containing no 
visibly large particles A portion of the homogenate was centrifuged and 
the centrifugate, which represented 10 to 15 per cent of the total volume, 
was fixed with 10 per cent formaldehyde, embedded m paraffin, sectioned, 
and stained Histological examination revealed an occasional clump of 
cells It was estimated that about 5 per cent of the homogenate consisted 
of unruptured cells 

Potter (4) has suggested that the preparation of tissue homogenate in 
water increases the degree of cytolysis When this was done and the water 
homogenate was compared with a buffer homogenate, it w T as found that the 
water preparation had 75 per cent of the activity of the buffer homogenate 
for liver and about 85 per cent for kidney It is possible that the lower 
activity of the water homogenates was due to a delay m restoring the iso- 
tomcity of the medium 


Incubation 

All incubations w ere carried out in Warburg flasks at 38° for a period of 
40 minutes, unless otherw lse specified All flasks were charged with pure 
tank oxygen just prior to introduction into the bath For anaerobic exper- 
iments tank nitrogen was used with an oxygen-carbon dioxide-absorbing 
mixture of Van Slyke (5) m the center wells of the flasks 

Substrates and Cofadors 

Tissue Slice Experiments — Each flask contained the following components 
in the mam compartment dl citrullme, glutamic acid or other immo group 
donor, and tissue shoes m a total volume of 3 5 ml made up with buffer, pH 
7 4 (see “Homogenates” under “Preparation of tissues”) At the end of 
the incubation period, the shoes were removed, rinsed m w'ater, and placed 
in tared cups for drying and weighing The contents of the flasks were 
then analyzed for either urea or arginine or both, as described under 
“Analytical methods ” 

Homogenate Experiments — Incubation mixtures consisted of dZ-citrulhnc, 
glutamic acid, ATP, cytochrome c, homogenate and buffer, pH 7 4, to make 
a final volume of 3 0 or 3 5 ml , as indicated In most experiments with 
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liver homogenates, 3 to 10 units of purified calf In er argmase -were added 
to the incubation mixture to insure complete com ersion of arg inin e to urea 
However, control experiments mdicated no need for the arg mas e addition 
At the end of the incubation period, the contentsof the flashswere analyzed 
for either urea or arginine or both Liver incubation mixtures w ere alw ays 
analyzed for urea, and arguune when specified On the assumption that 
the urea formed by liver preparations was denved from a quantitative 
hydrolysis of the arginine formed, the results are presented as mg 
of arginine formed Kidney incubation mixtures were always analyzed 
for arginine, and occasionally r for urea, as mdicated 
Preparations Used — The dl-citrulline used throughout this study was 
obtained from the Amino Acid Manufactures, University of California, 
Los Angeles 

f(+)-glutamic acid was a commercial preparation 
ATP was prepared from rabbit muscle following magnesium and bar- 
biturate anesthesia (6) This preparation was 79 per cent pure on the 
basis of its easily hy droly zed phosphorus (7 minutes at 100° mix HC1) 
Cvtochrome c w as prepared by the method of Keilrn and Hartree (7) 
l(+)-Orm thine hydrochloride was prepared according to Hunter (8) 
Glutamine was obtained from Dr H B Vickery , and cozymase (80 
per cent pure) from Dr G A LePage The authors are mdebted to these 
investigators for these generous gifts 
a-Ketoglutanc acid was prepared by sy nthesis from ethy 1 oxalate and 
ethy 1 succinate 

Succinamic acid w as prepared by the hy drolysis of succmimide 
Argmase was prepared by the method of Hunter and Downs (9) 

Analytical Methods 

Determination of Urea — Urea was determined by the method of Krebs 
and Henseleit (10), with a 1 per cent solution of purified urease (The 
Arlington Chemical Company ) Solutions obtained from slices were 
brought to pH 5 0 with 0 3 ml of 3 si acetate buffer, and the urea content 
determined manometncally Solutions from homogenates were centri- 
fuged after the addition of the acetate buffer to remove the precipitated 
protein, and an aliquot of the clear supernatant was taken for the urea 
determination 

Determination of Arginine — 411 solutions with or without prior urease 
treatment were treated with 1 ml of 10 pier cent trichloroacetic acid, 
centrifuged, and an aliquot taken from, the clear supernatant The 
method employed was essentially that of Dubnoff (11) Samples for color- 
imetric analysis were prepared as follows To a 1 ml aliquot of the depro- 
temized incubation mixture were added 9 ml of distilled water and 1 ml 
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of the naphtkol-urea reagent, followed by 0 5 ml of sodium hypobromite 
solution For the blank, 10 ml of distilled water plus the reagents were 
used 

Results 

Effect of ATP — The requirements of ATP by liver and kidney ho 
mogenates aie shown in Fig 1 In the absence of ATP only a negligible 
amount of arginine w as formed Tins was particularly noticeable m stud- 
ies w r ith liver, m w'hich almost a maximum activity was seen at one-half 
the ATP concentration (8 X 10 -4 m) requned for a maximum response 
with kidney homogenate How ever, even with increased amounts of ATP 



Fig 1 Effect of adenosine triphosphate concentration on transimmation by liver 
and kidney homogenates Tissue concentration per flask liver 1 586 mg of N, 
kidney 1 572 mg of N Substrate concentrations arc the same as those given under 
Fig 2 for liver homogenate 

the synthesis by kidney of arginine did not at any time exceed 40 per cent 
of the activity of Iivei 

Effect of Magnesium Ions — When mci easing concentrations of magnesium 
ions w ere used wuth liver homogenate, a maximum activity was noted at 
about 3 X 10 -3 m concentration (Table I) Stoner and Green (12) have 
leported that magnesium ions inhibit the deamination and depkosphoryla- 
tion of ATP This in all probability is the basis for the activation noted 
m the present experiments Magnesium ions m optimum concentration 
were used throughout the experiments The effect of magnesium ions on 
kidney homogenate w as not mvestigated 

Effect of Cytochrome c — Cytochrome c was mcluded throughout the study, 
although evidence for its requnement has not been consistent In expen- 
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ments where stimulation has been noted, this has been as high as 100 per 
cent Borsooh and Dubnoff (1) have indicated that cytochrome c plays a 
rfile in the oxidation of the hypothetical citrulhne-glutamic acid 
intermediate 

Comparison of Kidney Slices and Homogenate — Fig 2 shows the relative 
rates of arginine formation by kidney slices and homogenate The data 
obtained with kidney shces confirm Borsooh and DubnofFs findmgs (1) 
These in\ estigators found approximately 0 027 mg of ar ginin e produced 
per mg of dry weight of tissue per hour, or, on the basis of 12 63 per cent 
mtrogen (determined experimentally) m dry kidney tissue, 0 216 mg of 
arginine per mg of tissue mtrogen per hour In the present experiments, 
values of the order of 0 265 mg of arginine were found at the end of 1 hour 
incubation Attempts to demonstrate arginine formation m kidnej ho- 

Table I 

icltralton of Liver Homogenate by Magnesium Ions 
1 olume 3 ml , tissue concentration per flask 0 986 mg of X Substrate and co- 
factor final concentration as follows dl citrulbne 6 7 X 10~ J si, glutamic acid 6 7 X 
10- 1 si, cj tochrome c 4 75 X 10"* si, adenosine triphosphate 1 0 X 10~ J si, actisated 
arginase 3 umts The changes in magnesium ion concentrations are balanced by 
sodium ions 


Mignesium Ion concentration 

Arginine formed per mg tissue h 


r»f 

3 33 X 10-* it 

0 1113 

1 33 X 10-’ '* 

0 1305 

2 67 X 10-* “ 

0 1780 

6 67 X HT 1 “ 

0 0673 

1 00 X 10"‘ “ 

0 070S 


mogenate brought to hght a system onlj about 40 pier cent as activ e as that 
m mtact shces This system, however, showed a greater specificitj as to 
the source of the unino group donator, namelj T glutamic acid, and a depend- 
ence on the presence of ATP 

Comparison of Liter Slices and Homogenate — In contrast to kidnej' shces 
and homogenate, liver homogenate was found to contain an unusuallj 
active sjstem having about 80 per cent greater activity than kidnej shces 
at I hour, and a 500 per cent greater activity than kidney homogenate and 
liver shces The requirements of the liver homogenate for the necessary 
components, ATP (Fig 1), citrulbne (Fig 3), and glutamic acid (Fig 4), 
" ere of much smaller magnitude than that required bj' kidney homogenate 
Liver shces, on the other hand, showed a very' low activity 

Comparison of Liver and Kidney Preparations Oxygen — The require- 
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ment of the transimination system for oxygen as first shown with kidney 
shces by Borsook and Dubnoff (1) has been confirmed in the present 
studies Under an anaerobic atmosphere, neither shces nor homogen- 
ates of bothjiver and kidney synthesized arginine 



Fig 2 Comparison of the rates of transimination by different tissue preparations 
Tissue concentration per flask liver homogenate 1 46 mg of N, liver slices 15 to 20 mg 
dry weight, kidney homogenate 1 38 mg of N, kidnoy slices 7 to 9 mg dry weight 
Substrate and cofactor final concentration as follows liver homogenate and slices, 
dl citrulline and glutamic acid, each at 5 72 X 10~ 3 M, adenosine tnphosphato 8 67 
X 10 -4 M, cytochrome c 4 72 X 10~" m , following variations emploj ed with kidney slices 
and homogenate homogenate, adenosine tnphosphate 1 14 X 10~ 3 m, slices, glutamic 
acid 8 57 X 1(T 3 M 



Fig 3 Effect of citrulline concentration on transimination by liver and kidney 
homogenates Tissue concentration per flask liver 1 461 mg of N, kidney 1 572 mg 
of N Substrate concentration is the same os that given under Fig 2 for liver 
homogenate df-Citrullino was used as the substrate in twice the concentration givon 
as the f(+) form on the abscissa 

Cttrulhne — The relative utilization of citrulline by both liver and kidney 
homogenates is shown m Fig 3 Without citrulline no appreciable amounts 
of arginine were formed The optimum citrulline concentration for kidney 
was found to be approximately G X 10~ 3 m In the case of liver a rapid 
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rise in arginine formation resulted from an increase in citrulhne concentra- 
tion to approximate!} 1 5 X 10 -! m, be}ond this point the synthesis of 
arginine was less stnhmgl} influenced by the citrulhne concentration At 
optimum concentrations of citrulhne for both kidney and liver homogenates, 
the former had only 40 per cent of the activity of the latter 
Transiminatton with Compounds Similar to Glutamic Acid — Borsook and 
Dubnoff (1) found that kidney shces shoved a considerable utilization of 
compounds metabohcally related to glutamic acid Glutamine and aspar- 
tic acid were equally as effective as glutamic acid, and asparagine, gluta- 
thione, lysine, proline, and ornithine about half as effective It was found 
m the present study w ith homogenates that substrate specificity was more 
limited (Table II) Thus with both homogenates glutamine w as the only 

Table II 


Percentage Transiminatton unth Compounds Related to Glulamtc Acid tn Liver 
and Kidney Homogenates 
Glutamic acid taken as 100 per cent 


Substance £n addition to atralline 

Kidney relative rate ( 

Liver relative rate 

Glutamic acid 

100 0 

100 0 

Glutamine 

U 5 

71 9 

Aspartic acid 

15 8 

22 8 

Asparagine 

23 2 

19 0 

a Ketoglutanc acid + ammonium chlonde 

19 i 

5 8 

Ammonium chlonde 

0 0 

7 3 

Orm thine 

2 2 

0 0 

1*5 sine 

19 1 


Succinamic acid 


27 5 

Lactic acid + ammonium chlonde 


2 5 

: 


compound other than glut ami c acid showing an appreciable effect The 
activity of glutamine was to be expected in men of the active glutaminase 
system m both tissues Aspartic acid and asparagine were less than one- 
fourth as active as glutamic acid The failure in the utilization of ammo- 
mum chloride by kidneyhomogenate is in agreementwith theworkon shces 
In contrast to liver shces, liver homogenate failed to utilize ammonium 
chloride (7 3 per cent as effective as glutamic acid), which appears to be 
metabolized more rapidly than glutamic acid m the synthesis of urea by 
shces (2) a-Ketoglutanc acid plus a mm onium chloride showed only 20 
per cent the activity of glutamic acid with kidney homogenates Borsook 
and Dubnoff found a 46 to 80 per cent activity with this combination with 
kidney shces Liver homogenate w as less efficient than kidney with these 
substrates Ornithine, which was 42 per cent as active as glutamic acid m 
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kidney slices, yielded no arginine with either kidney or liver homogenates 
Apparently the mechanism for converting ornithine and other potential 
nmno group donators to glutamic acid (13) is lost when kidney tissue is 
homogenized Succmamic acid with hver homogenate showed a relative 
effectiveness of 27 5 per cent The basis for the activity of this compound 



Fig 4 Effect of glutamic acid concentration on transimination by hver and kidney 
homogenates Tissue concentration per flash hver 1 461 mg of N, kidney 2 22 mg 
of N Substrate concentrations are the same as those given under Fig 2 for hver 
homogenate 



Fig 5 Effect of tissue concentration on transimination by hver and kidney homog- 
enates The substrate concentrations are the same as those given under Fig 2 
for liver homogenate 

other than by metabolic conveision to an a-amino compound is obscure 
Lactic acid and ammonium chloride, reported by Krebs and Henseleit (10) 
to increase the amount of urea (or arginine) produced by hver slices over 
that of ammonium chloride used alone, was ineffective with homogenate 
Glutamic Acid — The requirements for glutamic acid by the tw r o tissue 
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homogenates are shown in Fig 4 Increasing the glutamic acid concentra- 
tion be} ond 3 X 10~ J m resulted m no further increase m ar guun e formation 
bj the liver, while kidney evidentlv required a concentration greater than 
12 X 10~ 5 m Even at this concentration, however, the actrnt} of kidnej 
was onl} one-third of that obsen ed m hv er 

Cofadors — The possibilit} of necessarj cofactors was investigated A 
boiled aqueous rat liver extract was added to the s}stem without an} 
significant effect Pyndoxal and pyndoxamine were also tried with 
negative results The addition of coenzyme I resulted in some stimulation 
with low tissue concentrations 

Tissue Concentration — Increasing the amounts of tissue (Fig 5) brought 
about a remarkable increase m arguune formation b} hver, which was not 
paralleled b} kidne} With a higher lev el of hv er tissue per cup, the blank 


Table III 

irgimnc Formation bti Different Tissue Homogenates 
The substrate and cofactor final concentration are the same as in Table I\ 


Tissue 

Tissue Is per flask 

Urex formed per 
ms tissue N 

TJrex etjwvalents 
expressed xs 
arginine per 
tissue Is (cal 
culxted from 
column III) 

Arginine found 
per mg tissue Is 

a) 

on 

on) 

mo 

CV) 


nx 

mcroIdcTS 

T* t 

mt 

Liver 

2 750 

60 5 

0 471 

0 011 

Kidnej 

2 6 S6 

4 01 

0 031 

0 091 

Heart 

1 497 

0 69 

0 005 

0 013 

Testes 

3 465 

-0 04 

0 0 

0 0 

Brain 

1 810 

-0 41 

0 0 

0 017 


values rose proportionate!} At a tissue level of 1 to 1 5 mg of N per 
flask, however, blank values were practically zero, and consequent!} this 
level was used throughout the stud} With kidne} homogenates, on the 
other hand, increasing the tissue concentration resulted in no striking 
increases m arguune synthesis Activit} at a level of 4 mg of tissue N per 
flask was only about 10 per cent that of hv er 
Arginine Formation by Various Rat Tissue Homogenates — Data from 
Table III indicate that hver and kidnev homogenates w ere the onl} tissues 
showing any appreciable arguune formation from citrulline and glutamic 
acid Both urea and arguune were determined m all instances The 
relative argmase activities of different tissues have been reported to be as 
follows (10) hver 2000, kidne} 67, testes and heart 0 It w ould be expected 
that any arguune formed b} hver would be rapidly and quantitative!} 
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converted to urea This was borne out m the present experiment in which 
it is to be noted that whereas 60 5 microhters of urea (corresponding to 
0 471 mg of arginine) were found, the amount of arginine present i\ as 
negligible With kidney homogenate, on the other hand, arginine accumu- 
lated as such, only a small portion being converted to uiea 
Effect of Inhibitors — Inhibition by cyanide and arsenite at a final 
concentration of 0 001 m was reported by Borsook and Dubnoff to be 
about 95 per cent complete m the case of kidney slices (1) With liver 
homogenate cyanide and arsemte inhibited 86 and 99 per cent respec- 
tively (Table IV) Fluoride and mdoacetate have been reported to 
inhibit the regeneration of ATP and phosphorylation mechanisms (14) 
The inhibition observed m the present study (fluoride 98 per cent, iodoace- 
tate 74 per cent) might be explainable on this basis While inhibition by 

Table IV 

Effect of Inhibitors on Liver Homogenate 


Tissue concentration per flask, 1 573 mg of N Substrate and cofactor final con 
centration as follows dl citrulhne 5 72 X 10 -3 m, glutamic acid 5 72 X 10“ 3 m, cyto 
chrome c 4 75 X 10 - “ M, adenosine triphosphate S 58 X 10 -< M 


Inhibitors 

Final concentration 
(molarity) 

Per cent inhibition 

Sodium arsemte 

0 001 

99 3 

“ fluoride 

0 01 

98 4 

“ malonate 

0 0057 

90 2 

Potassium cyamde 

0 001 

85 8 

Sodium mdoacetate 

0 01 

74 4 

“ azide 

0 001 

23 8 

Calcium ions 

0 001 

90 0 


malonate at lower concentrations of the order of 0 001 M has been ascribed 
to inhibition of succmoxidase activity, concentiations of 0 01 M and higher 
are thought to influence other systems The mechanism of malonate 
inhibition in the transimmation system reported here is not apparent 
Inhibition of the cytochrome system by azide has been described by Keihn 
and Hartree (15), who reported its action as being less complete than that 
with cyanide The transimmation system m this study showed 24 per 
cent inhibition with azide, and 86 per cent with cyamde 

In addition to the inhibitors named above, calcium ions were also found to 
inhibit the system This inhibition was not reheved by the addition of 
0 001 M magnesium ions over that already present in the buffer nor by an 
increase m ATP concentration to 1 7 X 10 -3 m 
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DISCUSSION 

It appears from these results that the transimmation reaction is m some 
manner intimately associated with a high energy phosphate donator sys- 
tem At least the system is active m the presence of ATP when cells are 
disrupted This effect is more striking in the case of liver w hich actually 
shows a more active transimmation system with homogenates than with 
slices On the other hand, kidney homogenates, while act He, never equaled 
slices in their transimmation activity This may be accounted for in part 
by the possibility that the optimum conditions which were established m 
the case of liver w ere not optimum when applied to kidney homogenates 
Thus it is possible that components other than, or m addition to, those 
found active m the case of In er are necessary for kidney In addition, the 
presence of more active phosphatases in kidney preparations as compared 
with liver may also be responsible for the lower activity on the basis of 
more rapid ATP breakdown 

The significance of the transimmation reaction in kidney as a mechanism 
for arginine synthesis has been pointed out by Borsook and Dubnoff (1) 
As pomted out by Ivrebs (16), this reaction may account for a significant 
amount of urea synthesis by transfer of arginine formed by transimmation 
in the kidney to the liver, where it would be broken down to ornithine and 
urea by argmase 

The most striking finding of the present experiments, however, is that 
liver homogenates are capable of carrying out the transimmation reaction 
at an extremely rapid rate even exceeding that of kidney slices 
The importance of tins reaction m urea synthesis by liver is apparent The 
details of this reaction m hv er are discussed m a separate publication (2) 

It w ould appear from the present study that the transimmation reaction 
is limited chiefly to liver and kidnev Apparently , only the lack of a highly 
active argmase system in kidney prevents that organ from contributing a 
significant amount of urea to the total metabolic urea of the body 

SUMMAHY 

1 The conversion of citrullme to arginine by transimmation with 
glutamic acid m kidney shoes and homogenates was studied The relativ e 
activity of the reaction by these preparations was as follows liver ho- 
mogenate > kidney slices > kidney homogenate > liver slices 

2 Homogenized tissue preparations of liver and kidney required the 
follow mg substrates and cofactors adenosine triphosphate, citrullme, 
glutamic acid, cytochrome c, magnesium ions, and an oxj gen atmosphere 
Liver in every case required smaller concentrations of the substrates and 
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showed a greater activity than kidney homogenate The significance of 
these findings is discussed 

3 Aside from glutamic acid, glutamine was the only compound shotting 
any appreciable activity in the transinunation system 

4 Brain, testes, and heart homogenates shoved no transimmation 
activity 
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UREA SYNTHESIS BY LIVER HOMOGENATES* 

By PHILIP P COHEN and MIEA HAYANO 
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The Krebs-Henseleit theory (1) of urea synthesis ( c ee the modified 
scheme below) has received support from the later work of Krebs (2, 3), of 
Gomall and Hunter (4), and from isotope studies (5-8) 

Ornithine ~n r ~T — * citrulline 

+ CO, + NHj 

(II) *— glutamic acid <— NHj 

(HI) 

arginine 

+ HOH 

Urea 

The synthesis of citrulline from ornithine and arginine from citrulline has 
heretofore been associated only with intact liver cells In the course of 
studies on the mechanism of the conversion of citrulline to arginine, a 
highly active system was found m liver homogenate capable of forming 
urea in the presence of glutamic acid, adenosine triphosphate (ATP), 
cytochrome c, an oxy gen atmosphere, and magnesium ions 

The obvious similarity of the substrates, citrulline and glutamic acid, to 
that required for the transunmation system found by Borsook and Dubnoff 
(9) m kidney shces led us to a general study of this reaction m rat tissue 
shces and homogenates (10) The r61e of glutamic acid as the imino group 
donor to arginine was shown to be verv specific, not replaceable by other 
similar compounds (except glutamine) or by ammonium chloride In 
previous work (11), it was reported that fiver shces synthesized urea to a 
limi ted extent only' from citrulline and glutamic acid, more readily from 
n mm onmm chloride, and to a considerable extent when both ammonium 
chloride and glutamic acid w ere provided In the present paper, data will 
be presented which demonstrate m fiver the presence of a potent trans- 
imination system which m all probability is the mechanism by' which citrul- 
lme is converted to arginine m the urea cycle 

Procedures 

Incubation of Liver Slices and Homogenates — The detailed procedures 
followed for experiments with liver shces and homogenates have been pre- 

* Supported in part by a grant from the Wisconsin Alumni Research Foundation 
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viously described (10) Minor changes were made in the incubation 
systems employing slices Warburg flasks with side arms were used for 
both mcubation and urea determination Each flask contained glucose, 
dJ-citrulline, and Krebs-Ringer-phosphate buffer, pH 7 4, in the main com- 
partment The side arm contained either ammonium chlonde or glutamic 
acid or both The final volume m the flasks was either 3 5 or 3 9 ml as 
indicated 20 per cent aqueous potassium hydroxide was used in the center 
well 

Oxygen Uptake Determinations — For oxygen uptake determinations, the 
incubation mLxtures were prepared as described All flasks were charged 
with pure tank oxygen prior to introduction mto the bath 20 per cent 
aqueous potassium hydroxide was used m the center wells 
Determination of Urea — Urea was determined manometncally with a 
purified urease preparation by the method of Krebs and Henseleit (1) 
Determination of Citrullme — Citrullme was determined in aliquots after 
urea decomposition with a purified urease prepared according to the method 
of Archibald and Hamilton (12) After the analysis for urea, the contents 
of the flasks were deprotemized with 1 ml of 10 per cent trichloroacetic 
acid, centrifuged, and an aliquot of the clear supernatant taken for the 
analysis of citrullme by the colorimetric method of Archibald (13) It was 
found that these aliquots contained very little chromogemc material other 
than citrullme, and consequently the Amberhte blank was omitted 

Determination of Glutamic Acid — Glutamic acid ivas determined mano- 
metucally on an aliquot of the incubated sample brought to pH 5 0 with 
3 m acetate buffer, with a lyophihzed preparation of Escherichia coh The 
authors are indebted to Dr R H Burris for a generous supply of this 
preparation 

Determination of a-Keloglutaric Acid — a-Ketoglutaric acid was deter- 
mined accordmg to the method of Krebs (14) 

Results 

Urea Synthesis by Liver Homogenate — The formation of urea from 
citrullme through arginine by transimination with glutamic acid was shown 
to occur at an unusually high rate as compared with shces (10) Compara- 
tive rates of urea synthesis from glutamic acid, ammonium chloride, or both 
are show n m Fig 1 The amount of urea formed in the presence of glutamic 
acid by homogenate exceeded that formed from other substrate combina- 
tions with both homogenates and slices The maximum amount of urea 
formed with glutamic acid occurred after 60 minutes The failure of 
homogenate after 1 hour may have been due to a depletion of ATP or the 
coenz Junes With ammonium chloride and glutamic acid, the urea formed 
in the first 20 to 30 minutes was almost equal to that formed by glutamic 
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acid alone, however, after this time the rate was not maintained In all 
probability, this effect is related to the toxic effect of ammonium ions, 
which w ould accumulate during the early mcubation period This system 
is apparently sensitive not only to increases m ammonium ions but also to 
a-ketoglutaric acid (Table I) 

Urea Synthesis hy Liver Slices — Krebs (1) found that urea was formed 
more rapidly when glutamic acid or lactic acid and ammonium chloride, 
rather than ammonium chlonde alone, w as present in the mcubation mix- 



Fia 1 Relative rates of urea synthesis with different substrates by liver homog- 
enate and shces Substrate and cofactor final concentration are as follows Slices, 
glucose, ammonium chlonde, glutamic acid, each at 1 54 X 10~ J u, dZ-citrulhne 3 OS 
X 10 - * m, tissue dry weights 12 to 17 mg Homogenates, dl - citrulbne and glutamic 
acid, each at 5 72 X 10~ J m, cytochrome c 4 72 X ICT" si, adenosine tnphosphate 8 57 
X 10 "*m, tissue concentration per flash 1 46 mg ofN Final flash volumes as follows 
slices 3 9 ml , homogenates 3 5 ml A represents NH,C1 , and glutamic acid, □ repre- 
sents KH ( C1, and O glutamic acid 

ture This observation has been confirmed m the present study as regards 
glutamic acid (Fig 1) Urea synthesis from citrulhne proceeded more 
rapidly' w hen both glutamic acid and ammonium chlonde were present in 
the medium Ammonium chlonde alone yielded only about 50 per cent as 
much urea at the end of a 2 hour mcubation penod, while glutamic acid 
alone gave nse to only 15 per cent 

Comparison of Optimum Systems of Slices and Homogenates — On a mg of 
tissue N basis with optimum systems of shces and homogenates, the urea 
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formed by homogenate from glutamic acid and citrulkne was more than 
twice that of the optimum system (citrullme plus glutamic acid plus am- 
monium chloride) for slices (Fig 1) It was found that by increasing the 
tissue concentration in homogenate studies to 2 5 to 3 0 mg of N per flask 
the reaction would go to completion within 2 hours Tissue slices at the 
rate shown on Fig 1 would take more than 5 hours 

Comparison of Utilization of Substrates by Homogenates and Slices — Since 
measurements of the disappearance of glutamic acid in experiments with 
slices revealed that only 1 per cent disappeared m 1 hour, one-half of which 
was accounted for as urea, it would indicate that slices are unable to utihze 
glutamic acid m the system investigated to any appreciable extent In all 
probability, the limiting factor is the inability of glutamic acid to diffuse 

Table I 

Inhibition of Urea Synthesis in Homogenates by Ammonium Chloride 
and a-Kcloglulanc Acid 

Volume 3 5 ml Substrate and cofactor final concentration as follows Group A, 
df-citrulline 3 42 X 10~ 3 m, glutamic acid 1 43 X 10~ J m, adenosine triphosphate 
(ATP) 1 14 X 10 -s m, cytochrome c 4 72 X 10~* m, tissue concentration 1 087 mg of 
N Group B, df-citrulline 5 72 X 10~ 3 st, glutamic acid 5 72 X 10“ 3 m, cytochrome C 
4 72 X 10 -8 m, ATP 8 57 X 10~ 4 nr, tissue concentration 1 482 mg of N 


Group 

Inhibitor added final molarity , 

Urea formed per mg tissue N 



mxcrohlcn 

A Ammonium chloride 

0 0 

37 45 


0 00715 

35 90 


0 0143 

33 30 


0 02S6 

23 68 

B a-Ketoglutanc acid 

0 0 

42 40 


0 01142 

13 31 


through the liver cell wall at a sufficiently rapid rate In order to evaluate 
this possibility, experiments were set up m which the oxygen uptake of 
liver shces and homogenates were compared m the piesence of the same 
substrates m concentrations found to be optimum for urea synthesis 
Liver has been known to contain the most active glutamic acid dehydro- 
genase system of all the tissues studied (15) The relative rates of oxidation 
of glutamic acid and related substrates in experiments with shces and ho- 
mogenates would be expected to be a measure of the diffusibihty of the 
glutamic acid through the cell wall of the shces Homogenates were 
fortified wuth all the knowm necessary cofactors Since the oxygen uptakes 
are expressed on a tissue nitrogen basis, it would be assumed that the po- 
tential enzyme activity of the two preparations on this basis w r ould be equal 
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Anj differences in the activitj of the two systems would, therefore, in all 
probability be due to either the limiting rate of diffusion into the liver 
slices or the inadequate fortification of the homogenate As seen from 
Figs 2 and 3, the rate of ovj gen consumption of the homogenate systems is 
of the order of 6 tunes greater m the case of glutamic acid than for slices 
It should also be noted that the slices had a final glutamic acid concen- 
tration 2 5 times greater than that used with homogenates These results 



Fig 2 Relatne rates of oxygen uptake with different substrates bj lner homog- 
enate Volume 3 5 ml Tissue concentration per flash 2 5 mg of N Substrate and 
cofactor final concentration as follows df-citrulhne, glutamic acid, glutamine and 
ammonium chloride, each at 5 72 X 10~* m, adenosine triphosphate 8.5S X 
cytochrome c 4 72 X 10~* si, cozvmase (coenzyme I) S -46 X 10~ 5 si, nicotinamide 8.2 
X 10-* M 

can mean onlj that the mabihtj of In er slices to utilize glutamic acid for 
either oxidation or transimmation is due to the relatnelj poor diffusibihtx 
of tlus compound The somewhat greater urea -synthesizing actmtj of the 
combination of glutamic acid plus ammonia with slices than the ndditne 
activities of the tv o compounds separate!} max be due to either (1) an 
effect of the ammonium ion on the diffusibihty of glutamic acid mto the cell 
or (2) the probabiht} that ammonia is utilized m Step I b\ a reaction not 
rnx olving glutamic acid as an intermediate The experiments on oxx gen 
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consumption of slices and homogenates do not support the first suggestion 
but neither do they exclude this possibility Tiie second suggestion could 
explam why the combination cf glutamic acid plus ammonia, or glutamine, 
would provide optimum amounts of substrate for Steps I and II Glutamic 
acid alone diffuses mto the liver slice too slowly to provide an adequate 
concentration of either ammonia or glutamic acid for Steps I and II re- 
spectively, and thus yields httlc urea On the other hand, ammonium 
chloride would be expected to provide an adequate concentration of am- 
monium ions for synthesis of intermediates for Step I and also to give rise to 
glutamic acid through the glutamic dehydrogenase system Findings of 
experiments m which isotopic ammonia was used lend support to the latter 
possibility (8) The high activity of glutamine m urea synthesis with 



Fig 3 Relative rates of oxygen uptake with different substrates by liver slices 
Volume 3 5 ml Tissue dry weights 21 to 24 mg Substrate and cofactor final con 
centration as follows glucose, glutamic acid, glutamine and ammonium chloride 
1 43 X 10“ J m, dl citrulhne 2 86 X 10 -3 at 

shoes is in all probability due to its hydrolysis to glutamic acid and am- 
monia, the optimum substrate combination for slices The fact that 
glutamine is more active in liver slices from fasted animals than ammo- 
nium chloride suggests that fasted liver lacks the necessary substrates for 
the sufficiently rapid synthesis of glutamic acid from a-hetoglutaric acid 
and added ammonia, and thus Step II of the c 3 ,, cle is the limiting reaction 
The failure of ammonia to react in the homogenate system is in all 
probability due to the fact that conditions foi glutamic acid synthesis from 
ammonia were not optimum Although the oxygen consumption expel i- 
ments (Figs 2 and 3) show a somewhat low er oxygen uptake m the case of 
glutamic acid plus ammonia in homogenate as compared wuth glutamic 
acid alone, this may be due to the ininbitory effect of ammonium ions 
(Table I) on the glutamic dehydrogenase system (15) 
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Balance Studies — AdditiODal evidence that the formation of arginine 
from citrulhne by homogenates involves the transimination reaction of 
Borsooh and Dubnoff (9) is that the glutamic acid and citrulhne disap- 
pearance can be accounted for mole for mole in the formation of urea 
Thus, the ratio obtamed of urea formed to glutamic acid and citrulhne 
disappearance w as 1 1 21 0 93 (Table II) The high value for glutamic 
acid is undoubtedlj due to the fact that it is oxidized readily in the homoge- 
nate system (Fig 2) The failure to find any accumulation of a-Leto- 
glutanc acid in this system may be due either to its ready oxidation or to 
the possibility that this compound is not an end-product of the reaction 
Conversion of Ornithine to Citrulhne hy Homogenate — A system including 
ornithine plus glutamic acid or ammonium chloride, or both, in the presence 
of a carbon dioxide-bicarbonate buffer \\ as mi estigated as to its actmt} in 
catalyzing Step I (see the accompanying scheme) of the urea C}cle No 
urea synthesis with this s}stem occurred indicating that the factors re- 
quired for Step II vere inadequate for Step I 

* Table II 

Balance Study of Components of Transimination Reaction 


\ olume 3 6 ml Tissue concentration per flash 1 822 mg of N Substrate and 
cofactor final concentration as follows rfl-citrulline 4 95 X 10~ J m, glutamic acid 
4 91 X 10"* M, cytochrome c 4 62 X lO -4 it, adenosine triphosphate 1 11 X 10' J it 


Components 

Formation or disappearance of 
substrate and end products 


mcrorula 

Glutamic acid 

-4 97 

Citrulline 

-3 S3 

Urea 

+4 12 

a Ketoglutanc acid 

0 00 


DISCUSSION 

With the exception of the hydrolytic conversion of arginine to urea and 
ornithine b} argmase, our knowledge of the enzymatic steps in the urea 
cjcle is obscure Since the over-all process is an endergomc one, the 
synthetic steps in the cj cle must be coupled with energ} -welding systems 
The findings presented m this paper offer strong evidence in support of the 
couphng of one step (Step II) m this cjcle with adenosine triphosphate, 
and thus establish at least one pathway for couphng the endergomc urea 
cycle with exergomc oxidation-reduction systems 
The mabihtj of the system catalyzing Step II to convert ornithine to 
citrulhne (Step I) under the conditions emplojed indicates that Step I is a 
more complex reaction and probablj involves at least two mdependent 
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reactions, as previously suggested by Srb and Horowitz (16) and Krebs 
(17) A study of this phase of the cycle is at present under investigation 

The mechanism of the transimination reaction lias been considered in 
some detail by Borsook and Dubnoff (9) who were led by the evidence 
available to postulate an intermediate addition compound of citrulbne 
plus glutamic acid with the subsequent dehydrogenation of the inter- 
mediate and the formation of arginine and a-ketoglutaric acid (or some 
related compound) The data from the present investigation bear directly 
on the mechanism of the reaction only m so far as they establish the fact 
that 1 mole of arginine (or urea) is formed for every mole of glutamic acid 
and citrullme which disappears, and further that m confirmation of Borsook 
and Dubnoff’s findings some suitable hydrogen acceptor must be present 
The high activity of the homogenate system, however, provides a more 
satisfactory system for studying the transimination reaction in detail, and 
this is at present being done 

Finally, it should be pointed out that from the findings of the present 
paper it would appear that glutamic acid is an obligatory intermediate m 
the conversion of citrullme to arginine (Step II) m the urea cycle This 
may resolve the somew hat different views held on certam aspects of the 
urea cycle by Leuthardt (18-20) and Bach (21) 

SUMMARY 

1 The conversion of citrullme to arginine by transimination with glu- 
tamic acid has been demonstrated to occur m rat liver homogenates fortified 
w ith adenosme triphosphate, cytochrome c, and magnesium ions 

2 Glutamic acid appears to be an obligatory intermediate m the intro- 
duction of ammonia at the citrullme — ■> arginine step of the urea cycle 

3 The synthesis of urea from glutamic acid, glutamic acid plus ammonia, 
and ammonia by liver shces and homogenates has been studied and the 
findings discussed 
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PEPTIDE BOND SYNTHESIS 

I THE FORMATION OF p-AMINOHEPPURIC ACID BY RAT LIVER SLICES* 

Br PHILIP P COHEN and R W McGILVERY 
( From the Laboratory of Physiological Chemistry, University of Wisconsin, Madison) 

(Received for publication, August 1, 1946) 

The dynamic state of the ammo acids in tissues makes the direct study 
of peptide bond synthesis difficult For this reason, ne sought a model 
reaction that would be free from this objection Borsook and Dubnoff (1) 
have suggested that the formation of hippunc acid close]} resembles, from 
both chemical and thermodynamic standpomts, the synthesis of peptides 
Even with their improved methods, analytical difficulties would make a 
study of this reaction tedious We hav e chosen to stud} the formation of 
the analogue, p-aminohippunc acid smce v\ e vv ere able to dev elop a reason- 
ably accurate analytical method for its determination 
The production of p-ammohippunc acid (PAH) has further interest 
because p-aminobenzoic acid (PAB) has not onl} been reported as a con- 
stituent of natural peptides (2, 3) but is generall} distributed m a difficultly 
hydrol} zable form m nativ e proteins (4, 5) suggestiv e of peptide linkages 
PAB and PAH have the further advantage of low toxicity (6, 7) 

This study was designed to explore the kinetics and optimum conditions 
of the formation of PAH from PAB and gl}cine by rat liver slices 

Analytical 

The method developed for the determination of PAH depends upon the 
differential extraction of PAB from PAH b} ether, and subsequent colori- 
metric analysis b} a modification of the method of Bratton and Marshall, 
which has been shown to be v ahd for PAH and PAB (8, 9) .Smith el al 
had previously reported m abstract (10) a separation with eth} lene dichlo- 
nde, but details were not av affable to us at the time this study was initiated 
Briefly, the protein m the sample is precipitated with trichloroacetic acid, 
the sample is neutralized and diluted to a conv ement range, buffered to pH 
3 95, extracted twice with ether, extracted with benzene to remove the ether, 
and then analyzed 

Preparation of Sample — 1 ml of a solution containing from 50 to 1500 y 
per ml of total PAB-PAH (all PAH weights in this paper will be m terms 
of the equiv alent amount of PAB) is added to 4 0 ml of 0.200 x trichloroa- 
cetic acid The precipitated proteins are centrifuged off, and 2 0 ml of 
•Aided in part by a grant from the 'Wisconsin Alumni Research Foundation 
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the supernatant are added to 3 1 ml of 0 100 N NaOH Sufficient distilled 
water is added to bring the total PAB-PAH concentration down to less than 
15 y per ml (8 to 10 y per ml are desirable) 

An appropriate aliquot of the order of 1 ml is accurately measured into 
a colorimeter tube for total analysis 
Extrachon of PAB — 1 ml of a buffer, pH 3 95 (made by adding 01 m 
citric acid to 0 2 m disodium phosphate to the correct pH), is added to 20 

Table I 

Extraction of p Ammobcnzoic Acid (PAD) and p Amtnohippuric Acid (PAH) under 

Various Conditions 


Total volume of all samples brought to 3 0 ml after the addition of 1 ml of pH 
3 95 citrate-phosphate buffer 


Conditions of extraction 

TAB added 

PAH added 

Total not extracted 


y 

y 

y 

ter uni 

(a) Extracted twice for 10 min 

1026 


17 0 

1 6 

with 15 ml ether 

m 


11 0 

1 6 


171 


3 0 

1 7 


85 


1 4 | 

1 6 



68 

57 0 

84 



34 

31 4 

92 



3 4 

3 3 

97 

( b ) Extracted twice for 5 nun 


68 

54 6 

SO 

with 15 ml ether 


68 

55 2 

81 



68 

54 6 

80 

(c) Same as (b) with additional 


68 

5S 2 

86 

2 min extraction with 15 ml 


68 

58 2 

86 

benzene 


6S 

58 8 

87 

(d) Extracted twice for 5 min 

GS 


1 2 

1 8 

with 10 ml ether, once for 2 

08 


1 3 

1 9 

min with 15 ml benzene 

68 


1 2 

1 8 



GS 

61 2 

90 



6S 

61 8 

91 



68 

61 8 

91 


ml of the diluted and neutralized sample m a 60 ml bottle fitted with a cork 
and a short length of glass tubing 10 ml of ether, freshly distilled from 
stannous chloride, are added and the bottle is stoppered and shaken for 5 
minutes on a mechanical shaker at 200 oscillations per minute with a 4 5 
cm throw at the top of the bottles The ether is aspirated off v itli the aid 
of a capillary tip until the underlying aqueous phase begins to come over 
(about 1 ml of ether remaining) 10 additional ml of ether are added, and 
the shaking and aspiration lepeated 15 ml of benzene are added, and 
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shaking is continued for 2 minutes 2 ml of the aqueous phase are pipetted 
into a colorimeter tube for PAH analy sis 
A more efficient extraction remoi es a relatively high and variable amount 
of PAH (Table I, (a)) The additional extraction by benzene raises the 
analyses for PAH by the amount to be predicted from the solubility of ether 
in water (Table I, (6) and (c)) These and experiments with less efficient 
conditions led to the adoption of the method used (Table I, (d)), m which an 
optimum balance is attained between the extraction of the PAB and PAH 
Table II shows the recoi ery of PAH over a wide range of PAB concen- 
trations m which the percentage of PAH is from 5 to 75 per cent of the total 
PAB-PAH These and many subsequent determinations in the course of 
our studies demonstrate that the method has at least 5 per cent accuracy' 
or er the range of concentrations we use When the amount of PAH ex- 

Table n 

Test of Accuracy over Range of Relative Concentrations of p-Ammobenzoic Acid (PAB) 
and p Aminohippunc Acid (PAB) 

All samples brought to a total v olume of 3 0 ml after the addition of 1 ml of pH 
3 95 citrate phosphate buffer, extracted twice with 10 ml of ether for 5 minutes and 
once with 15 ml of benrene for 2 minutes PAH found calculated on basis of 2 per 
cent PAB and 91 per cent PAH not extracted All weights are in terms of PAB 



PAH added 

Total un extracted 

PAH found 

ESS 

r 

T 

V 

Per ceni 


3 4 

4 5 

3 5 

103 

K 

17 0 

16 8 

17 4 

102 

34 0 

34 0 

31 S 

34 3 

101 

17 0 

51 0 

48 8 

51 1 

100 


ceeds 30 per cent of the total PAB-PAH present, the error is not oxer 2 
per cent 

Colorimetric Analysts — The total \ olume of the solutions m the colon- 
meter tubes is brought to 10 ml with 0 1 N HC1 1 ml of each of the follow- 
ing solutions is added at 3 minute internals with shaking (1) 0 1 per cent 
c P sodium nitrite, (2) 0 5 per cent ammonium sulfamate, (3) 0 1 per cent 
H-(I-naphthyd)ethy lenediamme dihydrochlonde After 10 minutes the 
solutions are compared against a reagent blank m a spectrophotometer at 
540 mp, and the amounts (as PAB) determined from a calibration cun e 

Calculations — Since the analysis after the extraction represents 2 per cent 
of the PAB and 91 per cent of the PAH (Table I, (d)) in the sample, and 
the total PAB-PAH is known by analysis, the true amount of PAH may be 
obtained by this equation 










264 


PEPTIDE BOND SYNTHESIS I 


(total after extraction) — 0 02(total before extraction) 

0 89 

We have found it convenient to construct a three-dimensional chart, with 
the total before extraction m the aliquot analyzed for PAH as horizontal 
coordinates, the true PAH as vertical coordinates, and the total after extrac- 
tion as a set of coordinates at a slight angle from the vertical Both the 
total analysis and the PAH must be multiplied by the appropriate dilution 
factors to obtain the concentration m the original sample 

A set of fifteen determinations can be completed within 2 hours 

Procedure 

All expenments except the large scale isolation studies were run m War 
burg flasks at 38° The gas phase was pure oxygen unless otherwise stated 
KOH solution was added to the center wells All media were made by 
adding isotonic neutral solutions of the substrates to phosphate-buffered 
Krebs’ Ringer’s, solution, and 4 ml of medium were used per flask Rat 
tissues were used for all experiments The flasks were chilled on ice before 
addition of the tissue slices After completion of an experiment, the tissue 
slices were rmsed m water, blotted, and placed in tared cups for drying and 
weighing 

The PAB used was a commercial product, taken up m hot alcohol, de- 
colorized with nont, and recrystalhzed from an alcohol-water mixture, form- 
ing long white needles The PAH was generously supplied by Dr Karl 
Beyer of Sharp and Dohme, Inc , and was a white powder melting sharply 
at 198 5°, chromogenically equivalent to the PAB Commercial c p 
glycine was used 


Results 

Concentration of PAB — The amount of PAH per mg of dry liver produced 
m 4 hours in the presence of 0 01 m glycme rose linearly with increasing PAB 
concentration up to about 0 001 m and then leveled rapidly (Fig 1) Fi 
other expenments not shown we could demonstrate no significantly greater 
production beyond 0 0025 m 

Concentration of Glycine — Increasing the glycme concentration beyond 
0 003 m did not greatly increase the formation of PAH from 0 001 m solution 
of PAB m 4 houis (Fig 2) However, we used 0 01 m glycine solutions in 
our experiments to insure that it was not the limiting factor for the reaction 
It is interesting to note that in the absence of added glycine 2 6 7 of PAH 
were produced per mg of dned liver, indicating that at least 1 4 7 of endoge- 
nous glycine were available per mg of dry weight This amount of glycme 
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is of the same order as that found to be available for the production of 
glycocyamine from added arginine ( 11 ) 

Amount of Tissue — TJp to a dry n eight of tissue of 20 mg m 4 ml of 
medium, 0 00094 m to PAB and 0 01 m to glycme, the amount of PAH pro- 



Fig 1 Fig 2 

Fig 1 p Aminohippunc acid produced per mg of dry weight of rat liver with 
increasing p aminobenzoic acid concentrations 22 to 42 mg of dry weight of tissue 
in 4 ml of medium, 0 01 m to glycine Incubated 4 hours at 38° under 100 per cent Oi 
Fig 2 p-Ammohippunc acid produced per mg of dry weight of rat liver with 
increasing glycine concentrations 22 to 39 mg of dry weight of tissue m 4 ml of 
medium, 0 001 m to p aminobenzoic acid Incubated 4 hours at 38° under 100 per 
cent Oj 



mg Ttssw: 

Fig 3 Production of p aminohippunc acid by increasing amounts of rat liver 
slices 4ml of medium, OOIii to glycine, contaimng 516 y of p aminobenzoic acid 
(0 00094 u), per flash Incubated 4 hours at 3S° under 100 per cent O, 

duced per mg of tissue m 4 hours was constant (Fig 3) "With greater 
weights, the efficiency markedly fell oS until 40 mg of dry weight produced 
only 9 25 y of PAH per mg of tissue, while 20 mg of dry weight produced 
12 7 7 per mg of tissue 
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Isolation of End-Product — Because of its amphoteric character, the isola- 
tion of small amounts of PAII is difficult We found that norit will quanti 
tatively adsorb it from a protein-free solution at pH 4 0, but we were not 
able to find a satisfactory method of quantitatively eluting it from the ad- 
sorbent For this roason w r e chose to isolate the product as the p-(p-hy- 
droxyphenyl)azo derivative Five 250 ml Erlenmeyer flasks were fitted 
with stoppers and glass tubing for continuous passage of gas In each flask 
were placed 100 ml of medium, 0 0015 m to PAB and 0 01 m to glycine 
Rat livers were sliced as before, and approximately 300 to 500 mg (dry 
weight) of tissue w'ere placed in each flask The flasks were then incubated 
at 38° m a constant temperature bath with shaking until no more PAH was 
formed (7 5 to 8 hours) During the incubation, a slow stream of oxygen 
was maintained through them In a typical run, a total of 22 mg of PAB 
was converted to PAH, the efficiency of conversion being less than that of 
the smaller scale experiments 

After removal of the tissue, trichloroacetic acid, dissolved in a minimum 
of v-ater, was added to bring the concentration up to 3 per cent The 
precipitated proteins were centrifuged off, and the resultant clear yellow 
solution neutrahzed to pH 4 0 wuth sohd sodium citrate The solution was 
then extracted with ether m a separatory funnel until less than 0 5 mg of 
free PAB remained 

The solution was chilled to 1°, 25 ml of 12 N HC1 were added, and a 1 per 
cent solution of sodium nitrite was added in small portions until a test for 
nitrous acid with iodide-starch paper remamed positive Sohd ammonium 
sulfamate was then added m small portions until no free nitrous acid re- 
mained This solution was slowly poured with -vigorous stirring into an 
ice-cold solution of 200 mg of phenol m 100 ml of5NNaOH The orange- 
colored azo compound formed immediately The solution wms made acid 
with sulfuric acid and extracted with portions of ether until the ether re- 
mamed colorless The ether was extracted with 100 ml of saturated 
sodium bicarbonate solution (more may be necessary if much acid has been 
carried over) This bicarbonate solution was acidified and extracted with 
200 ml of ether, and the ether extracted with 15 ml of 5 per cent bicarbo- 
nate The final bicarbonate solution was acidified with 10 N sulfuric acid, 
and the bright orange precipitate centrifuged off, washed wutb water, 
recrystallized from an alcohol-water mixture, dried, and weighed Yield, 
24 mg , which represents 50 per cent of the PAH formed m the incubation 
medium Darkens at 243°, melts with decomposition at 246° 

For purposes of comparison, p-(p-hydroxyphenyl)azobenzoic acid and 
p-fp-hydroxyphenyl)azohippunc acid were synthesized as follows 0 7 mM 
of PAB or PAH was dissolved m 20 ml of 0 1 n HC1 A 10 per cent excess 
of sodium nitrite dissolved in a small amount of water was added slowly to 
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the solution with stirring at 1° The solution was allowed to stand for 15 
minutes, and ammonium sulfamate equivalent to the nitrite was added 
The resultant solution was slowly poured into a solution of 10 per cent 
excess phenol in 30 ml of 0 1 N NaOH at 1° with vigorous stirring The 
solution nas acidified with sulfuric acid and then neutralized with sohd 
bicarbonate It w as then extracted with 3 volumes of ether to remove the 
excess phenol After again acidifying and standing at 1° overnight, the 
resultant azo compound was centrifuged off, washed with water, and re- 
crystallized from alcohol-water mixtures The yields were excellent (o\er 
90 per cent in all cases) PAB derivative darkens at 265°, melts with de- 
composition at 268° PAH derivative darkens at 244°, melts with decom- 
position at 246 5° A mixture of the azo derivative from the tissue 
experiment and that from known PAH darkened at 24 4° and decomposed 
at 246° 

It was found that solutions of the azo derivatives of PAB and PAH are 
chromogemcally equivalent within 1 5 per cent m 0 1 N NaOH solution at 
440 m/i The dem ative from the tissue experiment w as then compared 
with the known derivatives, and a chromogemc equivalent weight of 304 
obtained (theoretical for p-(p-hydroxyphenyl)azohippunc acid, 299) 

In another tissue experiment m which the 26 mg of PAH produced were 
adsorbed on nont, as mentioned previously, we w ere able to remove 10 5 mg 
of the PAH by contmuous extraction for 48 hours with alcohol By evap- 
orating the alcohol in vacuo and diazotizmg a solution of the resultant 
gummy mass, a more impure sample of the azo denvative was obtamed, 
which darkened at 241° and decomposed at 243° Upon mixing with the 
known PAH azo dem ative, the mixture darkened at 242° and decomposed 
at 244 5° 

We consider these experiments to be an identification of the bulk of the 
end-product as p-aminohippunc acid 

Time Curve — An evaluation of the production of PAH with increasing 
time is complicated by the accelerated decomposition of lner shces after 3 
to 4 hours of shaking, causmg the final dry w eight of a gn en amount of w et 
tissue to fall, and the apparent production per mg of dried tissue to con- 
tinue rising To get a truer picture of the time relationships, we followed 
the production m one of the large scale runs described m the previous 
section, m w hich the concentration of PAB w as 0 0015 m and of gly cme w as 
0 01 w 1 ml aliquots were withdrawn from a single flask at mten als of 
time for analysis, and at the end of the run all of the tissue shces were re- 
moved for weighing There was a total of 468 mg of dry weight of bier 
shces in 100 ml of medium As can be seen in Fig 4, the production per 
unit time is constant to about 4 hours, and then begins to fall off In other 
runs made with individual Warburg flasks, substantially the same cune 



268 


PEPTIDE DOND SYNTHESIS I 


was obtained with 0 001 m PAB media, except that the production per rag 
of tissue was at a slightly lower level and apparently continued rising longer 
because of the decomposition of tissue mentioned 



Fig 4 p-Aminolnppuric acid produced per mg of dry weight of rat liver slices 
with increasing time 468 mg of dry weight of tissue in 100 ml of medium, 0 0015 M 
to p-aminobenzoic acid, 0 01 m to glycine Incubated at 38° with continuous flushing 
by 100 per cent Oi 


Table III 

Effect of Various Concentrations of p-Ammohippuric Acid {PAH) on Conversion of 

p-Amtnobcnzoic Acid {PAB) 


Each Warburg flask contained 27 to 37 mg of dry weight of rat liver slices m 4 ml 
of medium, 0 01 m to glycine, and was incubated 4 hours at 38° in a 100 per cent 0i 
atmosphere 


« 

Initial PAB 
concentration 

Initial PAH 
concentration 

Final PAH 
concentration , 

PAB converted 
to PAH l 

Total PAB PAH 

recovered 

M X 10-« 

u X I0-» 

u X io-» 

7 ter ms dry 
trfifW oj luiue 

fer cent 

0 91 

0 

90 

1 44 

11 

0 

98 

0 91 

0 

80 

1 41 

11 

2 

100 

0 91 

0 

70 

1 33 

11 

0 

100 

0 91 

0 

60 

1 17 

11 

5 

100 

0 91 

0 

50 

1 10 

9 

4 

95 

0 91 

0 

40 

1 03 

12 

6 

98 

0 91 

0 

30 

0 96 

9 

5 

100 

0 91 

0 

20 

0 84 

10 

5 

100 

0 91 

0 

10 

0 74 

11 

1 

99 

0 91 



0 67 

10 

8 

99 

0 91 



0 58 

10 

6 

100 


1 

00 

0 90 



93 


1 

00 

0 92 



96 


Effect of PAH — An experiment was set up m which increasing amounts 
of PAH were placed m a medium which was 0 00091 m to PAB and 0 01 M 
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to glj cine (Table III) The reaction w as not retarded even w hen the final 
concentration of PAH was oter three times that of the PAB 
The total recot enes shown are tj pical of all experiments That from 
an experiment with onlv PAH added w as 93 to 96 per cent, and maj , m 
comparison with the recot erj of PAB added alone, ic 99 to 100 per cent, 
indicate a greater degree of acettlation of PAH than of PAB (10) The 
magnitude of this possible acettlation reaction is so small that it is without 
effect on the quantitatne significance of our experiments Since 96 to 97 
per cent of the total PAB-P A.H recoi ered is in the form of PAH w hen PAH 


Table IV 

Formation of p iminohippunc -1 cut ( P4H ) by Various Rat Tissue* 

All tissues except testes added as slices to 4 ml of medium 0 00102 \r to p ammo- 
benzoic acid (P AB) 0 01 it to gli cine Incubated 4 hours at 3S° under 100 per cent 
O 


Total rrco\ ertd 

PAB con\crted 

Weight of tissue 


per cenl 

y Per dry Its sue 

rtg dry-raght 

Liter 

92 

s o 

36 7 



S 7 

36 5 

Kidncx cortex 

9S 

19 3 

21 2 


100 

22 3 

20 3 

Teste' 

90 

0 2 

75 $ 


92 

<0 1 

66 1 

Heart tentncle 

100 

<0 1 

22 7 


101 

0 0 

22 2 

Muscle (thigh) 

9S 

0 0 

37 3 


96 

0 0 

45 1 

Brain 

100 

0 0 

17 9 


102 

0 0 

17 1 

Spleen 

9S 

0 0 

14 5 


9S 

0 0 

16 3 


alone is added, hjdrolysis of the PAH formed in these experiments is 
negligible 

Formation by Other Tissues — Table IV presents the results with seieral 
rat tissues with 0 001 si PAB and 0 01 si gh cine All tissues w ere aoded as 
slices, except the testis, in w Inch the testicular capsule w as slit open and the 
tubules teased apart No tissue other than liter and ludnet showed an 
appreciable formation of PAH Iudnej was roughlt 2 5 times as active as 
liver A time curve, not shown, was made with ludnej and also demon- 
strated an activity 2 5 to 3 times that of liter The failure of all tissues to 
show some synthetic activitt is surprising m view of current concepts of the 
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sites of peptide bond formation The confinement of primary peptide bond 
synthesis exclusively to the liver and kidney u ould be unexpected 
Action of Inhibitors — Various inhibitors were tried (Table V), all being 
added as the sodium salt m 0 1 m solutions In the case of cyanide, a solu 
tion of cyanide in KOH was used in the center veil to prevent distillation of 
HCN out of the mam compartment (12), and m all others KOH alone Mas 
placed m the center well All of the inhibitors were effective m the con 
centrations used, cyanide, arsemte, lodoacetate, and fluoride being almost 
completely so 


Table V 

Action of Inhibitors on Formation of p-Aininohippunc Acid [PAH) 

Inhibitors added ns sodium salts in 0 I M solutions Final volume of medium! 
ml Concentration of glycine 0 01 m p Aminobcnzoic acid (PAB) concentration 
0 00106 m for controls, 0 00105 m for 0 001 M inhibitor solutions, 0 00096 forOOlu 
inhibitor solutions Incubated 4 hours at 38° under 100 per cent 0% 


Tissue weight 

PAB converted 

Average inhibition 


mg dry xcetght 

y per m[ dry hstuc 

fer tent of 
overate control 

Cyanide 0 001 at 

29 6 

0 0 



32 3 

0 2 

99 

Arsemte 0 01 u 

21 4 

0 7 



24 0 

0 3 

95 

lodoacetate 0 01 m 

22 2 

0 3 


I 

27 5 

0 3 

97 

Azide 0 001 m 

25 9 

5 0 



27 6 

5 3 

44 

Malonate 0 001 m 

21 8 

6 0 



26 6 

5 8 

35 

Fluoride 0 01 m 

37 4 

0 8 



26 6 

1 1 

90 

Control 

19 5 

8 8 



16 0 

9 4 



Miscellaneous Observations — In all of the experiments m this section, the 
PAB concentration was 0 001 m, the glycine 0 01 m, and the run uas con 
tmued 4 hours When anaerobic conditions weie mam tamed by gassing 
with pure nitrogen, the conversion of PAB dropped from a control value in 
100 per cent oxygen of 10 1 y per mg of di y w eight to 0 6 to 0 8 y per mg of 
dry weight of liver However, lowering the oxygen tension by using air 
instead of 100 per cent oxygen caused no diminution of production, a value 
of 113 to 115y per mg of dry weight being attained as agamst a control 
of 11 6 y per mg m pure oxygen 
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DISCUSSION 

The problem of finding a simple model for peptide bond synthesis analo- 
gous to in vivo protein synthesis has challenged all investigators in this field 
The question as to whether the formation of PAH from PAB and glycine 
represents such a model is not readily answered The fact that one of the 
reactants is an a-amino acid and that the end-product has the same type of 
a linkage as that w hich occurs in proteins should make this reaction accept- 
able as a model Howei er, the problem at this stage is not one of demon- 
strating true protein synthesis in vitro, but rather of detached study as to 
the kinetics and energetics of a model system 

The <?pah 111 our experiments is from 0 5 to 0 6 under the more efficient 
conditions (the linear portion of the curves m Figs 1, 3, 4) Hamson and 
Long (13), in experiments on the regeneration of rat luer protein following 
fasting, have found that under the most favorable conditions liver tissue in 
situ corresponding in weight to 96 mg of nitrogen could produce 14 addi- 
tional mg of nitrogen m 24 hours Assuming the hxer to be 75 per cent 
protein on a dry w eight basis and the average molecular w eight of the ammo 
acids to be 100, the Q for peptide bond formation w ould be 0 63, a value of 
the same order as Qpah 

It is of interest that the reaction cannot proceed anaerobically , nor in the 
presence of oxidative inhibitors Evidently , the free energy of the ender- 
gornc formation of the peptide bond must be supplied through an oxidatn e 
process Glycine, on the other hand, is regarded as being totally inert m 
the hi er as far as oxidation is concerned (14) Therefore, any scheme that 
mi olves the oxidative deamination of glycine is unlikely The necessity of 
support by an oxidatn e metabolism precludes any formation through the 
reversal of an enzymatic hy drolytic process It seems highly probable that 
the formation proceeds through a high energy -phosphorylated intermediate, 
the phosphorylation being supported by endogenous metabolism While 
there is nothing in this study , particularly in the action of inhibitors, to rule 
out this mechanism, there is also no direct support for it We hope to 
miestigate the mechanism more directly in a subsequent study 

In contrast to our findings mth rat kidney , Borsook and Dubnoff (1) hai e 
reported that kidney has only one-third the activity of hi er in the synthesis 
of hippunc acid from benzoic acid and glyxine Smce the Q PA h values in 
our experiments with hier are of the same order as the Qhinanaad lalues 
m most of their hver studies, it is not clear as to whether the difference in 
our findings with kidney is due to a quahtatne difference noth PAB as com- 
pared to benzoic acid, or to differences in experimental conditions m the two 
studies 

The high activity of kidney cortex is of interest m new of the fact that 
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PAH has been shown to be effective in lowering the rate of penicillin e\ere 
tion b} 1- the kidney (15) 


SUMMARY 

1 A method is described for determining p-aminohippuric acid (PAH) 
m the presence of p-ammobenzoic acid (PAB) by extracting the latter from 
an aqueous solution w ith ether 

2 The formation of PAH from PAB and glycine by rat liver slices is 
demonstrated 

3 The system is at an optimum at 0 001 m PAB, 20 mg of dry w eight of 
tissue m 4 ml of medium, and at 4 hours’ time 

4 The formation of PAH does not occur anaerobically nor in the pres 
ence of oxidative inhibitors 

5 The isolation of the p-(p-hydro\yphenyl)azo derivative of the end 
product is described, and a method is given for the synthesis of similar 
derivatives of PAB and PAH The derivative of the end-product is found 
to be identical with that of PAH 

6 Of the tissues tested, only the liver and kidney were active Testes, 
heart, thigh muscle, spleen, and brain were inactive The kidney was 25 
to 3 times as actn r e as the liver 
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Recently it has been found that the administration of Z(-f-)-glutamic 
acid decreases the number of seizures m some patients suffering from petit 
mal epilepsy (1, 2) and improves significant!} the mental performance of 
mental defectives of a certain type (3) Smce these findings indicate the 
possibility of an abnormal metabolism of glutamic acid in such subjects, 
it appears desirable to study the effects of a glutamic acid deficiency m 
mammals Such a nutritional state is difficult to achieve because glutamic 
acid is synthesized in mammals Therefore, a search for compounds which 
may interfere with the normal utilization of the ammo acid v as undertaken 
Smce a study of antimetabohtes is greatly facilitated by the use of an 
organism for which the metabolite is essential, Lactobacillus arabinosus 
was selected as the test organism 

The effect of homologues, sulfur analogues, and phenyl-substituted 
denvatn es of glutamic acid on the growth of these organisms was studied 
a-Aminoadipic acid, ammomalomc acid, and t-0-phen> lglutamic acid did 
not inhibit the growth of the bacteria, but t-y-meth} lsufinj 1 -or -ammo- 
butyric acid (the sulfoxide denied from methionine) and i-y-benzy 1- 
sulfinj l-a-ammobutync acid (the sulfoxide denved from benzy lhomo- 
cysteme) were effective antimetabohtes of glutamic acid The detailed 
experimental data obtained m these studies, which ha\e been briefly 
reported elsewhere (4, 5), are presented 

EXPERIMENTAL 

dl-a-Aminaadipic Acid — This compound has been prepared by Sprensen 
(6) from 7 -chlorobutyromtnle and phthahmidomalomc ester Smce adipic 
acid is now co mm ercially available, a cheaper method of preparation 
from this source was designed Diethj 1-a-bromoadipate was prepared 
according to the method of Ingold (7) in a Go per cent yield A solution 
of 314 gm of the bromo ester in 1 liter of methanol was saturated with 

* Aided by a grant from the Williams Waterman Fund of the Research Corpora- 
tion 
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ammonia gas, rcsaturatcd after 24 horns at room temperature, and allowed 
to stand 24 hours longer The ammomacal solution was taken to dryness 
m vacuo and tkd oily residue w as boiled with refluxing for 2 hours with 1200 
ml of 6 N HC1 The solution was cvapoiafcd to dryness in vacuo and the 
excess of hydrochlonc acid was lemoved by repeated addition and evnpora 
tion of water m vacuo The crystalline mass was dissolved m 300 ml of 
watei , extracted tin ee times w ith 100 ml of ether, and the aqueous solution 
v as treated with cliai coal The filtrate was made just alkaline to Congo 
red with concentrated ammonia (about 00 ml ) and cooled overnight 125 
gm of a-ammoadipic acid were obtained (09 per cent yield) 

Foi lecrystalhzation 10 gm of the crystals were dissolved m 50 ml of 
water and 1 1 ml of 6 N HC1 11ml of G N ammonia solution were added 
and the solution was placed in the ice box 7 gm of crystals were ob 
tamed If the ammo acid is recrystalhzed from w'ater or dissolved m 
ammonia first and then precipitated with acid, the yield is much smaller, 
owung to the formation of the water-soluble pipendonecarboxykc acid 
After two recrystalhzations a pioduct was obtained with a melting point 
of 204° in a bath preheated to 195° (205-206° (G)) 

The benzojd-a-ammoadipic acid was prepared m the usual way, mp 
180° (1S4° (G)) 

Aimnomalomc ethyl ester and i-ft-phcnylglvlamic acid 1 were prepared 
according to the methods of Snydei and Smith (8) and Hanngton (9) 
lespectively 

i-y-Mcthylsulfinyl-a-aminobulync acid (z-MSO) w r as piepared by a 
slight modification of the method of Toenmes and Kolb (10) HBr was 
used instead of HC1 to dissolve the methionine, and for neutralization 
ammonia was used instead of amylamme Since precipitation of the 
sulfoxide with acetone (10) yields the product in almost theoretical amounts, 
any appreciable fractionation of the isomers is excluded 

dl-y-Methylsulfonyl-a-ammobulync acid w r as prepared according to the 
method of Toenmes and Kolb (11) 

i-y-Bcnzylsulfinyl-a-aminobidyric acid (z-BzSO) was prepared from S 
benzylhomocysteine (12) m the same manner as the MSO It was re- 
, crystallized from boiling water and was obtained in a yield of over 90 
per cent (m p 230°) 

Ci.HhNOjS (241 2) Calculated, N 5 8, S 13 3, found, N 5 9, S 13 6 

dl-y-Benzylsulfonyl-a-aminobutync acid was prepared by the method 
of Toenmes and Kolb (11) It was recrystalhzed from boiling water 
(Yield 80 per cent, m p 246° ) 


1 Prepared by Robert B Case 
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CjiH„\0,S (257 2) Calculated, X 5 4, S 12 4, found, X 5 4, S 12 4 

i-y-Ethylsulfinyl-a-aminohulync acid, was prepared from ethiomne (13) in 
the same manner as MSO (m p 219°) 

CiHi,XO,S (179 1) Calculated, X 7 S, S 17 9, found, X 7 6, S IS 0 

dl-y-Elhylsuljonyl-a-aminobutync acid was prepared in the same manner 
as the methyl den\ atn e(mp 239°) 

C,H„XO,S (195 1) Calculated, N 72 ., S 16 4, found X 7 0, S 16 7 

Bacteriological Assay — The broth, synthetic medium, and bacteriological 
techniques described by Hac, Snell, and Williams (14) were employed 
All the compounds to be tested were sterilized bj r filtration The con- 
centrated, glutamic acid-free amino acid solution (14) was diluted to a 
t olume of 2 5 ml either with water or a solution containing the neutralized 
additional compounds Glutamic acid w as added m the amounts indicated 
in each experiment The turbidimetnc measurements of bacterial growth 
were earned out with a Coleman Junior spectrophotometer (cmettes 19 
X 105 mm ) 

For comparable studies it was imperative to control the size of the 
inoculum from day to day Tins may be achiei ed either by growing the 
culture for inoculation on media containing constant, limiting amounts 
of glutamic acid, or by diluting the cultures to the same optical density 
with sterile salme before inoculation In most of our experiments 0 04 
ml of bacterial suspension of an optical density of 0 41 to 0 46 was used 

Effect of Various Glutamic Acid Analogues on Growth of Lactobacillus 
arabinosus — In Table I representable data are shown All tubes con- 
tamed a concentration of 0S2 X 1 0~ 3 m l(+ )-g!utamic acid, an amount 
which yields optimal growth in 20 hours under the conditions of our 
experiments The size of the inoculum was the same throughout Under 
these conditions i-MSO inhibited bacterial growth, the antibacterial 
index was 50 to 75 Similar results were obtained with Lactobacillus 
casei The antibacterial index is derived from a comparison, after 20 
hours of meubabon, of optimal with completely inhibited bacterial growth, 
two states which are stationary' Comparison of optimal and partially 
inhibited growth, however, involves the evaluation of two different states, 
one stationary and the other of activ e growth An analysis of the bac- 
terial grow th rate at partial inhibition would be complicated by the fact 
that the organism metabolizes the sulfoxides 

i-BzSO is more effective as an antimetabohte than i-MSO, though 
a precise comparison is difficult since some of the benzy 1 denvativ e cry stal- 
hzes out during incubation The sulfone denied from df-methionine is 
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at best one-third to one-half as active as t-MSO The sulfonc derived 
from dZ-benzylhomocysteine could not be tested, as its solubility was too 
low 


Tablf I 


Effect of Various Glutamic Acid Analogues on Growth of Lactobacillus arahnosus 
Z(+)-Glutamic acid 0 82 X 10 -1 m, 20 hours incubation 


Compound 

Concentration 

Bacterial growth, 
optical density* 

Inhibition 

dl a-Amifloadipic acid 

u X io - « 

0 

0 44 

per cent 


60 

0 43 

0 

Aminomalomc acid ethyl 

38 

0 44 

0 

ester 

i-P Phenylglutamic acid 

36 

0 48t 

0 

Sulfoxide from 

0 

0 43 


dl-methionine 

G 

0 42 

2 


12 

0 37 

14 


18 

0 32 

26 


24 

0 25 

42 


30 

0 19 

56 


36 

0 03 

93 


42 

0 01 

98 


48 

0 01 

98 

Sulfone from 

44 

0 25 

42 

df-metlnomne 

55 

0 25 

42 


66 

0 17 

60 


77 

0 10 

77 

Sulfoxide from -benzyl- 

18 

0 33 

23 

homocysteine! 

20 

0 30 

30 


21 5 

0 28 

35 


23 

0 20 

53 


25 

0 02 

95 

Sulfoxide from 

0 

0 44 


dl ethiomne 

44 

0 42 

5 


66 

0 41 

7 

Sulfone from 

41 

0 43 

2 

dl ethiomne I 

62 

0 38 

14 




* Corrected for blank values (medium without glutamic acid) 
t Solution developed color on incubation 

t Read after addition of HC1 to dissolve sediment of antimetabolite 


The sulfoxide and sulfone derived from df-ethionine are ineffective as 
antimetabolites m concentrations in which MSO gives complete inhibition 
It is mterestmg that, unlike the parent substance (15), the sulfoxide derived 
from ethiomne does not antagonize methionine 

Effect of Size of Inoculum on Antibacterial Index — The inhibition by t* 
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MSO was halved by tripling the size of the inoculum and completely coun- 
teracted by a 10-fold mcrease (Fig 1) 

Specificity of Glutamic Acid, As an Antagonist to Sulfoxides — Fig 2 shows 
the reversal of the i-MSO and t-BzSO inhibition by increasing amounts 
of K+) -glutamic acid The response to glutamic acid is highly specific 



Fig 1 The reversal of i-MSO inhibition of bacterial growth b\ increased inoculum 
size Each tube contained 15 mg of i MSO (36 X 10' 1 ii) and 300 y of glutamic acid 
(0 S2 X lO - * it) D = optical density 



Fig 2 Reiersal of i-MSO and i BzSO inhibition of bacterial growth by f(+) glu- 
tamic acid D = optical density Tubes containing 20 mg of i-MSO (48 X 10~’m) 
sobd line, tubes containing 15 mg of i BzSO (23 X 10“’ si) broken line 

None of the other ammo acids present in the synthetic medium reversed 
the inhibition when tested separately (tryptophane up to 15 mg per 2 5 
ml , tyrosine up to 10 mg , cystine up to 3 mg , and the others up to 20 
mg) A slight inhibition in the absence of hISO was observed with 
arginine above 10 mg per 2 5 ml Asparagine was found to be ineffective 
m overcoming the MSO inhibition Cysteine, which reduces MSO to 
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TADi/r II 


Reversal of Inhibition of Bacterial Growth by i-MSO in Presence of Cysteine 
Glutamic acid 0 82 X 10 -1 m 


* MSO 

concentration 

Cysteine 

concentration 

Bacterial growth, 
optical density 

Inhibition 

uy.itr-* 

uXlO-i 


f er cent 

0 

0 



0 

25 

0 40 


0 

50 

0 45 


4S 

0 

0 01 

98 

48 

2 5 

0 01 

9S 

18 

5 

0 15 

67 

48 

7 5 

0 33 

20 

4S 

1 12 5 

0 40 

11 

18 

25 

0 39 

13 

48 

50 

0 40 

11 


Table III 

Reversal of Inhibition of Bacterial Grotilh btj i-MSO and i-BzSOin Presence of Glutamic 

Acid Derivatives 


Sulfoxide 

Concen 

tration 

Glutamic 
acid con 
ccntratiou 

Glutamic acid derivative 

Concen- 

tration 

Bacterial 

growth, 

optical 

density 

Inhibition 


u x 10 -* 

u X 10-' 


u x ltr* 


per mil 

i-MSO 

0 

0 22 



0 19 


tt 

20 

0 22 



0 01 

96 

tt 

0 

o 

Glutamine* 

0 22 

0 19 


tt 

20 

0 

(1 

0 22 

0 18 

4 

ti 

0 

0 82 



0 45 


tt 

48 

0 82 



0 02 

96 

tt 

0 

0 

Glutamine 

0 82 

0 45 


tt 

48 

0 


0 82 

0 45 

0 

tt 

66 

0 

tt 

0 82 

0 44 

2 

tt 

96 

0 

tt 

0 82 

0 40 

10 

ti 

0 

0 

Ketoglutaric acid 

0 82 

0 31 


tt 

0 

0 82 

tt tt 

8 2 

0 46 


it 

36 

0 

tt tt 

0 82 

0 00 

100 

ft 

36 

0 

tt tt 

8 2 

0 01 

98 

it 

0 

0 82 



0 44 


tt 

36 

3 28 



0 40 

0 

tt 

0 

0 

Glutathione 

0 82 

0 42 


1 1 

36 

0 

tt 

0 82 

0 04 

90 

ti 

36 

0 

« 

3 28 

0 36 

14 

t-BzSO 

25 

0 82 



0 07 

87 

<1 

25 

0 

Glutamine 

0 82 

0 39 

13 


* We are indebted to Dr H B Vickery and Dr M M Harris for samples of !(+)' 


glutamine 
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methionine (10), counteracts the inhibition of bacterial growth by t-MSO 
(Table II) Although 2 moles of cysteine reduce 1 mole of the sulfoxide, 
much smaller ratios overcome the growth inhibition 
The growth-inhibiting effect of high concentrations of the methyl- 
sulfonyl analogue is not overcome by glutamic acid 
Reversal of t-MSO and t-BzSO Inhibition by Glutamic Acid Derivatives 
( Table III ) — If glutamic acid is replaced by an equivalent amount of 
glutamine, even twice the concentration of t-MSO which inhibits bacterial 
growth completely in the presence of glutamic acid has practically no 
influence on the growth of the bactena Likewise, concentrations of 
t-BzSO which inhibit completely in the presence of glutamic acid are mef- 
fectiv e in the presence of glutamine On the other hand, if glutamic acid 
is replaced by ketoglutanc acid, t-MSO causes complete inhibition which 
is not ret ersed by large amounts of the heto acid 
In accordance with previous findings (14), the bacterial growth with 
equivalent amounts of glutathione was almost as good as with glutamic 
acid at optimal concentrations (0 82 X 10 ~ 3 w) At such let els of glutamic 
acid or glutathione the same amount of t-MSO inhibits bacterial growth 
completely Glutathione in increased amounts is almost as effective as 
glutamic acid m reversing the MSO inhibition 

DISCUSSION 

Replacing the 7 -carboxy 1 of glutamic acid by r the methylsulfiny 1 group 
produces a specific antimetabolite, MSO, against glutamic acid m Lacto- 
bacillus arabwosus and Lactobacillus caset The corresponding sulfonyl 
dent ative is a less active and unspecific inhibitor of bacterial growth and 
its action may r be comparable to that of the ammosulfonic acid antagonists 
described by Mcllwnm (16) The antagonism of MSO as an antimetabolite 
of glutamic acid is highly specific, of the known ammo acids only cysteine 
is at all effective in reversing the inhibition The antagonism does not 
depend on the sulfinyd configuration alone, smee it is decisively affected by 
the sulfur substituent other than the a-aminobutync acid moiety The 
methy 1 and benzyl denv atives are highly active, whereas the ethy 1 dem a- 
tive is not active at all No explanation for this remarkable specificity 
is offered 

The effect of cysteine is probably related to its ability to reduce MSO 
to methionine (10) However, much less than the theoretical amount 
is sufficient to counteract the inhibition The ease of reduction of MSO 
by cysteine suggests a si mila r transformation of the antimetabolite by the 
normal metabolism of the bactena, thus offering an explanation for the 
prevention of the inhibition by large inocula 
Smce these sulfoxides have two centers of asymmetry , they exist as four 
stereoisomers All the w ork reported in this communication was earned 
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out with the inactive material A study of some of the stereoisomers as 
antimetabolities will be reported shortly 
The ineffectiveness of t-MSO and t-BzSO as antagonists to glutamine 
suggests that the sulfoxides prevent the amidation of glutamic acid 
Whether the amidation of glutamic acid is the only process with which 
the sulfoxides interfere is uncertain Unlike glutamic acid large concentra- 
tions of ketoglutanc acid, which supports growth in lieu of glutamic acid 
m these organisms, are unable to overcome the sulfoxide inhibition Gluta 
tluone, m which the 7 -carboxyl is substituted as m glutamine, behaves 
towards MSO like glutamic acid and not at all like glutamine It is of 
interest that MSO, which is alile to replace the parent substance 
(methionine) in the diot of rats (17), acts as a powerful antagonist of 
another ammo acid m bacterial metabolism The biological significance 
of this finding cannot be evaluated at this stage, since the occurrence of the 
sulfoxide derived from methionine m living organisms has not been estab- 
lished 


SUMMARY 

The effect of homologues, sulfur analogues, and phenyl-substituted 
derivatives of glutamic acid was tested on the growth of Lactobacillus 
arabmostis dZ-a-Anunoadipic acid, aminomalonic acid, and t- 0 -phenyl- 
glutamic acid do not inhibit the growth of the bacteria The sulfoxides 
derived from dZ-methiomne and from dkbenzylhomocysteme are effective 
antimetabolities of glutamic acid , the latter being more active The sulfone 

derived from di-methionine is about one-third as effective as the correspond- 
ing sulfoxide The sulfone and sulfoxide derived from df-etlnomne are 
ineffective Z(+)-Glutamic acid overcomes specifically the growth inhibi- 
tion by the sulfoxides Cysteine counteracts the toxicity of the sulfoxides, 
probably by reduction With increasing size of inoculum the degree of 
sulfoxide inhibition decreases, an observation which suggests that the 
antimetabohte is made ineffective by the metabolism of the bnctena 
If glutamic acid is replaced by glutamine, even twice the concentration 
of sulfoxide which inhibits bacterial growth completely m the presence of 
glutamic acid has little influence on the growth of the bacteria Keto- 
glutanc acid is ineffective m overcoming the sulfoxide inhibition, but 
glutathione is almost as effective as glutamic acid 
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GENIC FRACTIONS OF PROTEUS OX-19* 
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(Received for publication, July 16, 1946) 

The Weil-Fehx reaction (1-3), used m the diagnosis of several of the 
fevers of the typhus group, presents a very interesting instance of a hetero- 
genetic immunological reaction (4) It is based on the presence in the 
serum of typhus patients of agglutinins for the 0 variety of the X-19, X-2, 
and X-K strains of Proteus A previous communication from this labora- 
tory (5) has dealt with the antigens of Rid ettsia prowazcki, the etiological 
agent of louse-borne (“epidemic”) typhus The present study will supply 
information on the properties of antigenic fractions isolated from Proteus 
OX-19 which is the organism agglutinated by the sera of patients suffering 
from louse-borne typhus 

The biological significance of the cross-reaction between Rid ettsia and 
Proteus, organisms extremely different with respect to their taxonomy’, is 
obscure There does not seem to exist any’ convincing evidence of a genetic 
relationship between these organisms 

The chemical composition of the Proteus OX-19 antigen responsible for 
the cross-reaction with typhus convalescent sera has remained largely 
unexplored Indications of the presence of specific polysaccharides in 
Proteus extracts have been obtained by a number of workers (6-11) 
White (12) described an antigenic preparation from a tryptic digest of 
Proteus OX-19 containing two factors one, labile to alkali, which gave rise, 
in the rabbit, to an antiserum containing homologous agglutinins for the 
bactena, the other, stable to alkali, assumed to be responsible for the 
Weil-Fehx reaction Castafieda (13-15) reported the separation of two 
antigenic constituents the "P factor,” unstable in alkali and reacting only 
with antisera to Proteus, and the “X factor,” regarded as common to both 
Proteus OX-19 and Rid ettsia prowaceh, whose reactivity with Proleus and 
typhus sera was reported to be unaffected by boiling in acid or weakly 

* This work was earned out under a contract, recommended by the Committee on 
Medical Research, between the Office of Scientific Research and Development and 
Columbia University 

t This report is from a dissertation submitted by Aaron Beadich in partial ful- 
filment of the requirements for the degree of Doctor of Philosopbv in the Faculty of 
Pure Science, Columbia University 
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alkaline solution Mesrobeanu cl al (16-18) described the isolation, by 
extraction with trichloroacetic acid, of a complex antigen, claimed to be 
responsible for the Weil-Felix reaction A discussion of some of the points 
at which the results presented here are at variance with previous reports 
will be found later in the paper 

EXPERIMENTAL 

Cultivation of Organisms 

Proteus OX-19 was obtained from the American Type Culture Collection 
(No 6380) The best yield of organisms rich in antigenic material was 
obtained on nutrient agar composed of 2 per cent of Bncto-tryptone, 0 5 
per cent of a yeast concentrate, 1 0 5 per cent of sodium chloride, and 3 per 
cent of Bacto-agar m tap water 

Roux bottles containing 150 cc of this medium were sterilized by auto 
clavmg (30 minutes at 15 pounds) An inoculum of 3 cc of a 24 hour 
culture was added to each bottle and the cultures were incubated for 24 
to 36 hours at 37° Following the customary bacteriological controls 
with respect to homogeneity, non-motility, etc , the heavy cultures were 
removed with physiological saline containing 0 2 per cent of formaldehyde 
The organisms were washed three times in the centrifuge with formokzed 
sahne at 4000 rpm, again suspended in saline, and the suspensions were 
passed through a very coarse sintered glass filter This proved an impor- 
tant step, since a considerable quantity of agar particles could thus be re- 
moved The filtrates were dialyzed m the cold against saline containing 
0 2 per cent of formaldehyde for 16 hours, against running tap water for 
24 hours, and against several changes of ice-cold distilled water for the same 
period The suspensions, dried in the frozen state in vacuo, yielded the 
organisms as a fluffy powder (1 5 to 2 gm per liter of medium) These 
preparations retained their serological activity even when stored for 2 
years at room temperature 

Numerous attempts to use liquid media gave results that were far from 
encouraging When agar was omitted from the culture medium described 
above, the yield of organisms, even with efficient aeration, was about 0 1 
gm per hter The inclusion of glucose diminished even this yield 

A culture fluid of the following composition, developed m collaboration 
with Dr S Francis, gave good growth (about 0 75 gm of dry bacteria per 
hter), but was not employed m the present study, since only one-tenth of 
the normal yield of antigenic material could be obtained from the organisms 
ammonium citrate 5 0 gm , Na 2 C0 3 3 0 gm , NaCl 2 0 gm , MgSCh 7H»0 

1 Brewers’ yeast extract, type 3, obtained through the courtesy of Standard 
Brands Incorporated 
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04 gm, Casamino acids (Difco, technical) 2 0 gm , KH-PO< 30 gm, 
feme ammonium citrate 0 05 gm , Z(+)-cysteme hydrochloride Oil gm , 
thiamine hydrochloride 5 0 mg , nicotinic acid 0 02 mg , tap water to 1 
liter 


Antisera to Proteus OX-19 

Several rabbits received each a total of 7 56 mg of dned organisms 
(0 6 mg N) intravenously in graded doses over a period of 3 weeks The 
antisera were obtained 1 week after the last injection. Suspensions of 
Proteus OX-19 m saline (corresponding m turbidity to No 3 of McFarland's 
nephelometric scale (19)) were agglutinated with equal volumes of the 
antisera at a dilution end-point of 1 5120 The antisera (containing 0 01 
per cent of ethj 1 mercunthiosahcj late) were stable for more than 1 year 
in the refrigerator Human convalescent epidemic and murine typhus 
sera 5 diluted to 1 640 to 1 1256 agglutinated suspensions of these organ- 
isms A suspension of 0.24 mg per ml of Ridxtlsia proicazeH, killed 
with formalin, extracted with ether,* and heated for 30 minutes at 75° (13), 
was agglutinated by both the Proteus antisera and the epidemic typhus 
sera (diluted 1 1280) 

Isolation of Antigens by Digestion with Trypsin 

After preliminary experiments with several enzymes (crude and crystal- 
line trypsin, crystalline chymotropsm, moccasin -venom, malt diastase), 
crystalline trypsin was chosen A preliminary ether extraction of the 
bactena did not increase the efficiency of the tryptic digestion 

Tryptic Digestion — In a typical experiment, 5 0 gm of dry organisms, 
suspended in 400 cc of 0 1 n borate buffer (pH 7 8) containing ethyl 
mercunthiosahcylate 1 10,000, were treated with 3.2 mg of crystalline 
trypsin for 60 hours at 37° The mixture was centrifuged and the residue 
resuspended m 200 cc of buffer and treated with an additional 1 6 mg of 
trypsin for 24 hours After thorough dialysis, the combined supernatants 
and washings were concentrated b> pervaporation and the extracted ma- 
terial (Fraction T) was recovered m a yield of 26 to 28 per cent of the 
bactena 1 * * 4 The residual bactenal debris amounted to 22 to 26 5 per cent 
of the organisms employed The ongm of the organisms (nutrient agar 
or nutnent broth) did not influence the yield 

1 Obtained through the courtesj of Dr I Bengtson of the National Institute of 
Health and of Colonel H Plots of the Army Medical School 

1 IVe are grateful to Dr L A Chambers of the University of Pennsylvania for 
this preparation 

' Ei aporation of the water tn cacuo in the frozen state was invariable used for the 

doing of antigenic fractions or for their recoi cn from aqueous solutions 
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Fraction T contained 12 5 per cent N (Kjeldahl), 0.85 per cent P (20), 
reducing sugars (as glucose) without hydrolysis 7 2 per cent, and, after 
hydrolysis for 3 hours with 1 n HC1 at 100°, 12 7 per cent (Hagedom- 
Jensen) The electrophoretic analysis 5 6 of a 1 3 per cent solution m borate 
buffei of ionic strength 0 2 and pH 8 5 revealed two components, vtz , a 
small fraction (22 pei cent of the total) with a descending mobility of 
-8 9 X 10~ 6 sq cm per volt per second which was inactive serologically, 
and a large component (78 per cent of the total) with a descending mobility 
of —8 3 This major component m an initial concentration of 0 07 mg of 
N per cc gave precipitation at 1 16 dilution with human endemic typhus 
serum (diluted 1 10) and at 1 4 dilution with Proteus OX-19 antiserum 
(1 10 ) 

When Fraction T was heated m saline solution for 1 hour at 100°, its 
reactivity with typhus serum was destroyed, but its reactivity toward 
Proteus antiserum was hardly impaired 
High Speed. Centrifugal Fractionation of Fraction T — When a 1 0 per 
cent solution of Fraction T in 0 9 per cent NaCl was subjected to centrif- 
ugation at 20,000 rpm (31,000p) for -* hour, an almost clear supernatant 
(containing Fraction T-l, 70 per cent of the starting material) and a sedi- 
ment (Fraction T-2, 22 pei cent of the starting material) were obtained 1 
The turbid saline suspension of the sediment was centrifuged at 8000 rpm 
( 5000r/) for 10 minutes to remove a small amount of particulate matter and 
then spun at 20,000 nni for 1 houi The fractions were obtained as 
white fluffy solids after thorough dialysis 

Both fractions gave positive Mohsch and Sakaguchi tests, and negative 
Hopkins-Cole tests The biuret and \anthoproteic reactions ivere positive 
with Fraction T-l, but faint mth Fraction T-2 Only Fraction T-l gave 
a positive Millon reaction Some of the properties of these substances are 
listed in Table I It will be seen that Fraction T-2 showed reactivity with 
typhus serum, but lost it on being heated 

Isolation of Antigens hy Extraction ivith Trichloroacetic Acid 

Extraction — In a typical experiment, 2 0 gm of dry organisms were 
suspended m 280 cc of 0 1 n trichloroacetic acid and kept at 0° for 16 hours 
with continuous agitation The pH of the suspension remained at 1 5 
The mixture was centiifuged in the cold, the sediment washed three times, 
and the combined turbid extracts as well as the bacterial ddbns were 
dialyzed for 2 days against running tap water and for 1 day against a few 
changes of cold distilled w'ater Fraction C, recovered from the extract, 

5 We are highly indebted to Dr D H Moore for the electrophoresis experiments 

e All high speed centrifugations were earned out in a refrigerated International 
^ntrifuge equipped with a multispeed attachment 
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amounted to about 7 4 per cent of the bacteria used, the debris amounted to 
90 per cent Fraction C gave opalescent solutions m water and saline and 
reacted with typhus serum (1 10) m a dilution of 1 32,000, but lost this 
property after heat treatment It also precipitated with anti-Proteus 
serum (1 10) at a dilution of 1 128,000 and, after heating, at a dilution of 
1 64,000 

Fractionation by High Speed Centrifugation — The extract containing 
Fraction C could be fractionated by high speed centrifugation The 
dialyzed extract was concentrated by pervaporataon to about 100 cc 
Centrifugation at 31,000(7 for 1 hour caused the separation of a translucent 


Table I 

Antigens Prepared by Digestion of Proteus OX-19 icith Trypsin 
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1 63,000 
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* The substances were examined in 1 per cent solutions in borate buffer of pH 
8 5 (ionic strength, 0 2) Mobilities and relative areas are calculated from the de 
scending boundaries Both fractions were heterodisperse in the analjtical ultra- 
centnfuge 

tThe Bera were diluted 1 10 Stabibtv to heat was tested bj keeping the anti- 
gens, dissolved in neutral phv Biological saline at 100° for 1 hour 

jelly from a slightly opalescent supernatant The sediment was washed 
two times in the centrifuge with small portions of distilled water The 
combined supernatants yielded Fraction C-l as a fluffy white felt amount- 
ing to about 4 3 per cent of the bacteria The sediment was freed of some 
contaminating particulate material bv centrifugation at 5000(7 for 10 min- 
utes , it gav e Fraction C-2, about 1 2 per cent of the starting bacteria This 
substance dissolved readilj m water or saline, the turbid solutions showing 
marked stre amin g upon agitation In the drv state the preparations 
retamed their serological activities for more than 1 v ear even at room 
temperature 

The examination of Fraction C-l in the Tisehus electrophoresis cell m 
borate buffer at pH 8 5 rev ealed the presence of two components with 
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descending mobilities and relative proportions as follows (1) -6 1 (67 
per cent) and (2) —7 2 (33 per cent) Under the same conditions, Frac 
tion C-2 migrated as a single component with a descending mobility of 
— 64X10 _6 sq cm per volt per second Both fractions were polydispeise 
in the analytical ultracentnfuge 

Purification — The two components of Fraction C-l could be separated by 
fractional precipitation with alcohol To a 2 per cent aqueous solution of 
Fraction C-l kept m an ice bath, cold absolute ethanol was added dropwise 
with constant stirnng, when, at an alcohol concentration of 67 per cent 
by volume, a white flocculent precipitate formed which was removed by 
centrifugation after chilling overnight The sediment, which amounted 
to 60 to 65 per cent of Fraction C-l (or 2 6 to 2 8 per cent of the original 
bacteria), w'as dissolved in cold water, precipitated with cold alcohol, and 
dried This substance is designated Fraction C-ll The remaining ma- 
terial, soluble in 67 per cent alcohol, was precipitated from solution upon 
the addition of alcohol to SO per cent concentration (by volume), to give 
Fraction C-l 2 This fraction, completely’’ inactive serologically with both 
Proteus and typhus sera, wus not studied further Both fractions were 
homogeneous electrophoroticnlly and had the following mobilities (in 
borate buffer at pH 8 5) Fraction C-ll, —6 26 (descending), —6 82 
(ascending), Fraction C-12, — 6 2S (descending), —6 49 (ascending) 

When fractionation of Fraction C-2 was attempted m the same manner, 
at least 95 per cent w as precipitated unchanged serologically at an alcohol 
concentration of 67 per cent Hence, for later study, Fraction C-2 was not 
further purified 

Dried preparations of Fractions C-ll and C-2 appeared to dissolve 
readily in waiter or saline, but the solutions deposited a considerable 
sediment on centrifugation for 10 minutes at 4300 rfm, probably owing 
to aggregation during the diying process Homogeneous solutions which 
no longer sediment in the centrifuge at 4300 R p m, can be obtained if the an- 
tigen suspensions are vigoiously shaken for a day or two m the refrigerator 

Chemical Properties — Both fractions, C-2 and C-ll, w r ere free of sulfur 
No spectroscopic evidence for the presence of a nucleic acid could be 
obtained The customary tests for punnes and for desoxynbose nucleic 
acid likewise were negative 

Both substances gave, before hydrolysis, a positive Sahaguchi test for 
arginine and weakly positive biuret and mnhydnn reactions Negative 
tests with the Millon and Hopkins-Cole reagents pointed to the probable 
absence of tyrosine and tryptophane Following a hydrolysis with 4 N 
hydrochloric acid at 100° for 8 hours, both fractions showed a strong 
mnhydnn reaction, but the Hopkins-Cole, Millon, and biuret reactions and 
also the Pauly test for histidine were negative 

The Mohsch reaction was positive, the keto sugar test of Sehwanoff, the 
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Tollens-Neuberg reaction for uromc acids, the Rosenthal er test for methyl 
pentoses, the usual reactions for pentoses, such as the orcrnol reaction 
according to Bial, the phloroglucmol, and the McCance (21) tests, were all 
negative (22) The reaction for amino sugars according to Elson and 
Morgan (23) was strongly positne after the acid hydrolysis of the 
substances 

Both fractions contained lipides, the nature of this material will be 
discussed later 

The analytical properties of several representative preparations are 
summarized m Table II N analyses were, unless noted otherwise, earned 
out by the Ivjeldahl procedure, P was determined colonmetncally (20), the 
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reducing sugars were estimated by the Hagedom- Jensen method The 
procedures used for the determination of glucosamine and acetyl groups 
will be discussed later in the paper 

Immunological Properties of Fractions C-ll and C-2 

Preparation of Antisera — Three rabbits were rejected intravenously with 
a total of 0 3 mg of Fraction C-ll and another set with 0 28 mg of Fraction 
C-2 during the course of 3 weeks, the antisera obtained from bleedings by 
cardiac puncture 1 week after the last rejection were preserved in the ice 
bo\ with 0 01 per cent of ethjl mercunthiosabcylate A suspension of 
Proteus OX-19 (No 3 on the McFarland scale) was agglutinated bj the 
addition of the anti-Fraction C-ll serum at a dilution end-poret of 1 5120 
and by the addition of anti-Fraction C-2 serum at a dilution of 1 12S0 
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A suspension of Riclettsia prowazeln (0 24 mg per cc ), treated as descnbed 
above, was agglutinated by the anti-Fraction C-2 serum diluted 1 1280, 
but the agglutination by the anti-Fraction C-ll serum, even with 1 40 to 
1 80 dilutions, was doubtful In Table III, the precipitation end-pomts 
(antigen dilutions) obtained with both antigenic fractions are given 


Tahie III 

Precipitation End-Points of Proteus OX-19 Antigens 


Fraction 

Tinal antigen dilutions showing precipitation’ 

Epidemic typhus 
serum 

Proteus OX 19 
antiserum 

Fraction C 11 
antiserum 

Fraction C 2 
antiserum 

■■ 

No ppt f 

1 32,000 

1 04,000 

1 04,000 

1 200,000 

I 128,000 

1 32,000 

1 256,000 


* The sera were cmplojed in a 1 10 dilution 

t Even in an antigen dilution of 1 1000, no precipitation was observed 


Tahli IV 

Antibody Nitrogen Precipitated from 1 Cc of Anti-Fraction C-ll Rabbit Serum by 
Varying Amounts of Fractions C-ll and C S 
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Neither the anti-Fraction C-ll nor the anti-Fraction C-2 serum aggluti- 
nated suspensions of Proteus vulgans (grown on nutrient agar) 

Quantitative Evaluation of Precipitation Reactions of Fractions C-ll and 
C-2 — The methods used in this study essentially followed those of Heidel- 
berger and Kendall (24) When the precipitation of Fractions C-ll and 
C-2 jby the anti-Fraction C-ll rabbit serum was examined (Table IV)) 
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the supernatants, following the precipitation of Fraction C-2, were found 
not to contain excess antigen and antibody simultaneously The super- 
natants from the precipitation of Fraction C-ll, however, exhibited a very 
narrow zone in which both antigen and antibody were present On the 
other hand, when both antigens were examined with anti-Fraction 02 
serum (Table V), the supernatant tests revealed a considerable zone in 
which antigen and antibody remained m excess at the same time 

Reactions of Proteus OX-19 and Fractions C-ll and C-2 with Antiserum 
to Proteus OX-19 — To 1 cc portions of anh-Profeits OX-19 serum, kept 
at 37°, were added small successii e amounts of Proteus OX-19 and Frac- 


Table V 


tntibody Nitrogen Precipitated from 1 Cc of Anti-Fraction C S Rabbit Serum by 
Varying Amounts of Fractions C-ll and C S 
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tions C-ll and C-2 and the precipitates which formed were centrifuged in 
the cold after each addition When no further precipitation occurred, 
the supernatants were divided into three portions for testing against the 
three antigens used The precipit3 f es were w ashed in the cold and their 
nitrogen contents determined m the usual manner The results are listed 
in Table VI It will be seen that absorption with antigen was quite com- 
plete m each case and that the serum, following treatment with Proteus, 
no longer contained precipitms for either Fraction C-ll or C-2 Whereas 
Fractions C-ll and C-2 remoi ed about the same amount of antibodj from 
the serum, the antibodj remoied was evidently not entirely identical in 
the two instances 

The sera obtained from rabbits inoculated with Proteus OX-19 clearlv 
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contained more antibodies for the two antigenic fractions isolated from this 
organism than did the antisera prepared with these fractions themselves 
Similar observations have been made with the 0 antigen of the typhoid 
bacillus isolated from a trichloroacetic acid extract (25) 

Test for Agar Contamination — To test for agar contamination, an im 
munological procedure was devised winch required less than 1 mg of 
matenal 

The test was carried out by placing 0 1 cc portions of a horse antiserum 
to Hemophilus influenzae containing considerable amounts of antiagar 
precipitins 7 in tin ee sets of micro test-tubes To one set was added 0 1 
cc of serial dilutions of the agar used in this work m physiological saline, 
covering the range of 1 1000 (0 1 mg) to 1 1,000,000 Saline solutions 
of Fractions C-ll and C-2 m the same concentration range were added to 
the remaining sets Controls of normal horse serum were included The 


Tablf VI 

Antibody Nitrogen Precipitated from 1 Cc of Anti-Proteus OX-19 Scrum by Succcssme 
Additions of Proteus OX 19 and Fractions C-ll and C 3 
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tubes were kept stoppered at 37° for 4 hours and overnight m the ice box 
Precipitation was observed only in the agar set m all the tubes up to and 
including the 1 500,000 dilutions, no precipitation, however, occurred in 
any of the tubes containing the antigens even m the lnghest concentration 
(1 1000) To test whether Fractions C-ll and C-2 had any inhibitory 
effect on the antibody to agar, 0 1 cc of agar (0 1 mg ) was added to each 
of the tubes containing the agar antiserum and Fractions C-ll or C-2 after 
an incubation for 4 hours at 37° and overnight in the ice box The precipi- 
tation of the agar was not impaired Crude antigen preparations, viz 
the total trichloroacetic acid extract (Fraction C), were also examined by 
this procedure A dilution of Fraction C of 1 4000 gave a weak but 
significant precipitin reaction In the subsequent isolation of Fractions 
C-ll and C-2 from Fraction C, this small impurity is apparently removed 

7 Placed at our disposal through the kindness of Dr Hattie E Alexander of the 
Department of Pediatrics 
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Test for Blood Group Adxmty — Fractions C-ll and C-2 were found to be 
devoid of blood group A activity when tested for their ability to inhibit 
agglutination of human group A red cells by anti-A serum (26) 

Studies on Degradation of Antigenic Fractions 

The effects of chemical operations, short of total hydrolysis, on the 
chemical and immunological properties of the two antigenic components 
of Proteus OX-19, were studied in a xanety of wajs 
Effect of Glacial Acetic Acid on Fractions C-ll and C-2 — Weighed portions 
of Fraction C-ll (102 1 mg ) and of Fraction C-2 (107 9 mg ) were each 
suspended in 10 cc of glacial acetic acid and kept, with occasional agita- 
tion, for 2 days at room temperature in a nitrogen atmosphere Following 
the addition of ether, the insoluble material was filtered off, washed with 
ether, and dried The combined ether and acetic acid extracts yielded 
colorless semicrj stalhne residues The material obtained from Fraction 
C-2 had a neutralization equn alent of 394 
The portions insoluble in a mixture of ether and acetic acid were ex- 
tracted three times with a total of 10 cc of xxater The fractions soluble 
in water, reco\ ered from the dial} zed aqueous solutions, and the water- 
msoluble fractions formed white, fluff} felts, which could both be easily 
dispersed m physiological saline 

The results of this expenment, summarized in Table 1 II, demonstrate 
the far reaching effect of glacial acetic acid Its most important features 
were (1) the cleaxage of both antigens into water-soluble, w ater-insoluble, 
and hpide fractions, accompanied in Fraction C-2 by the loss of cross- 
reactmt} with typhus serum but m Fraction C-ll b\ an increase in 
reactmt} with the homologous antiserum, (2) the remoxal of a portion 
(15 to 18 per cent) of the phosphorus, bound in a labile organic linkage, 
of which more will be said later, (3) the creation of more reducing groupings 
in the fragments than were'ongmall} present in the intact substances 
Effect of Various Agents on Fraction C-ll — A 0 5 per cent solution of 
Fraction C-ll m pure dr} formamide, stored m the refrigerator for 2 davs, 
slow 1} deposited about two-thirds of the starting material as an insoluble 
precipitate, but neither this fraction nor the material remaining m solution 
was appreciabl} different from the original antigen in its rcactmtx to the 
homologous antiserum and m its chemical composition A portion of the 
total organic phosphorus (14 per cent), howexer, was not recox ered, this 
occurred m all degradation experiments reported here 
When solutions of Fraction C-ll in 0 1 n acetic acid or in 0 05 x sodium 
hydroxide were kept at 100° for 15 mmutes, then serological reactixitx was 
destro} ed But the examination of the chemical composition of the frag- 
mpnts (isolated b} virtue of their solubiht} m water and in dilute eth} I 
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alcohol of varying concentrations), following prolonged treatment with 
these agents, rev ealed that only slight fractionation into the component 
parts had taken place 

No cleai age of Fraction C-ll nor loss of serological reactivity was ob- 
sen ed when the antigen was treated with 0 5 per cent aqueous sodium 
desoxycholaie for 20 hours at 4° 

Freezing in Presence of Ether (27, 28 ) — When a 1 per cent aqueous solution 
of Fraction C-2 was extracted nine times in the frozen state with ether by 
the technique described previously (28), about 4 7 per cent of a hpide 
fraction, t e shghtly more than one-third of the total hpide contents, 
was found in the ethereal extract The aqueous phase, following the com- 
plete removal of dissolved ether, was centrifuged at 31, 0003 for 1 hour, when 
complete sedimentation had taken place The aqueous solution of the 
sediment, centrifuged for 10 minutes at 5000 g, yielded a deposit (21 per 
cent of the starting material) with unchanged reactivity toward typhus 
serum and a turbid supernatant from which a fraction was recovered (43 
per cent of the starting material) that was mactiv e when tested with typhus 
serum 

Fraction C-ll, subjected to the same operation, yielded practically no 
hpide The serologically unchanged material could be recovered following 
the freezing process 

Serological Stability of Antigens toicard Heating in Water and in Alcohol- 
Ether — For the examination of heat stability 0 1 per cent aqueous solutions 
of Fractions C-ll and C-2 were kept at 100° for 1 hour The results in- 
cluded m Table VUI show that, whereas, the reactivities of both fractions 
toward Proteus OX-19 antiserum were diminished onl> T to a small extent, 
the cross-reactivity of Fraction C-2 with typhus serum was completely 
destroyed by heat 

The serological stability of both antigenic fractions toward alcohol-ether 
(1 1) was tested with 5 per ceSt suspensions of these fractions m the solvent 
mixture The suspensions were brought to the boiling point of the soh ent 
(49 c ), immediately cooled, and kept m the refrigerator overnight The 
extraction residues were removed by centrifugation, washed with alcohol- 
ether, and dried The extracts yielded small amounts of a hpide mixture 
(less than 1 per cent from Fraction C-ll, 6 3 per cent from Fraction C-2) 
The serological activities of the extracted antigens are likewise presented m 
Table VIII It will be seen that the effect of the partial removal of lipides 
was very similar to that of heat the reactmty T of Fraction C-2 toward 
typhus serum was completely abolished 

Since the treatment of Fraction C-2 with alcohol-ether resulted in the loss 
of its cross-reaction with typhus serum, it appeared of interest to determine 
whether alcohol-ether extrachon would change the serological properties of 
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the intact organisms It was found that the extraction of the dry organ 
isms with alcohol-ether (1 1) for G days at room temperature effected the 
removal of 3 G per cent of hpide material, whereas with ether alone only 03 
per cent of hpide material was removed The extraction of Proiern OX-19 
with these organic solvents appeared to be without significant effect on the 
agglutinogens present in the organisms since the agglutination end-points 
of untreated and defatted organisms with Proteus antiserum and endemic 
typhus convalescent serum were found to be identical, at least within the 
experimental error 


Txnm VIII 

Serological Stability of Fractions C-ll and C S 


Final antigen dilutions showing precipitation 


Scrum (1 10) , 


Fraction C 11 



Fraction C 2 



Untreated 

Heated 

Extracted 

with 

alcohol ether 

Untreated 

Heated i 

| 

Extracted 

with 

alcohol-ether 

Human endemic 
tj phus serum 

No ppt 

No ppt 

No ppt 

1 32,000 

: 

I 

No ppt 

1 

No ppt 

Proteus OX-19 
antiserum 

1 04,000 

1 10,000 

1 32,000 

1 04,000 

1 10,000 

1 64,000 


Lapidc Components 

For extraction of the lipides, 1 09 gm of Fraction C-ll and 1 01 gm of 
Fraction C-2 were each refluxed for 24 hours with 150 cc of equal volumes 
of absolute ether and alcohol m a mtrogen atmosphere The extraction 
residues were removed by filtration through fine sintered glass funnels, 
washed with alcohol and ether, and dried The combined extracts and 
washings were concentrated in a stream of mtrogen under reduced pressure 
and the residues dried in vacuo The hpide fractions, representing about 
2 8 per cent of Fraction C-ll and about 111 per cent of Fraction C-2, were 
pale yellow and had a crystalline appearance The test for acetal phos- 
phatides (29) was negative 

The lipides were each dissolved in 1 cc of ether and the acetone-insoluble 
fractions precipitated by the addition of 5 cc of acetone The combined 
supernatants and washings yielded the acetone-soluble portions as almost 
colorless, crystalline residues The acetone-insoluble hpides were light 
gray in color, amorphous, and granular, and were for the most part in- 
soluble in alcohol The figures presented m Table IX indicate that the ace- 
tone-insoluble hpide fraction from Fraction C-2 is composed predominantly 















A 6ENDICH AND E CHABGAJFF 


297 


(about 64 per cent) of phosphatides containing free amm o groups The 
anal} sis of this lipide fraction b} the nmhydnn method (31) repealed the 
absence of combined amino acids Insufficient amounts of the acetone- 
insoluble lipide from Fraction C-ll precluded a more detailed analysis of 
this fraction, but the N and P figures indicate a marked similarity with the 
corresponding fraction from Fraction C-2 
The lipide fractions soluble in acetone were dissolved in dry ether, the 
solutions nere centrifuged, and the supernatants evaporated to dryness, 
when almost colorless crystalline residues were obtained These fractions 
consisted mainly of free fatty acids With the customary’ separation by' the 
lead salt-alcohol procedure (32), the lead salts insoluble in alcohol were 
washed six times in the centrifuge with small portions of cold ethyl alcohol, 
until the excess of lead acetate was removed completely, and finally re- 
ciystallized from the same solvent The acetone-soluble hpides (14 8 mg ) 
from Fraction C-ll yielded 11 5 mg of crude lead salts and 9 2 mg of the 


Table I\! 

Ltptdes from Fractions C 11 and C 2 


Fraction 

1 

Lipide fraction J 

Proportion 
of tout 
hpides 

n 

1 

p 

N P 

Ammo N 
tef (30)) 



1 Per cerj 

per cm2 | 

per err. 


Per cm2 

c 11 

Acetone soluble 

51 6 






Acetone insoluble 

l 42 S 

1 78 

3 75 

1 05 


C 2 

Acetone soluble 

59 4 






Acetone insoluble 

39 S 

l so : 

i 

3 91 

1 02 

1 16 


reciystalhzed product melting at 106-107°, those from Fraction C-2 
(60 3 mg ) gave 37 3 mg of crude and 31 6 mg of purified lead salts which 
melted at 105-106° and contained Pb 29 6 per cent (calculated for lead 
palmitate, (Ci{H 31 0.) : Pb, 28 9 per cent) 8 The solid free fatty acids re- 
covered from the lead salts from Fraction C-ll weighed 5 9 mg , melted at 
57-57 5°, and had a neutralization equivalent of 256, those from Fraction 
C-2 weighed 17 3 mg , melted at 57-57 5°, and had a neutralization equiva- 
lent of 259 (Required by T pahmhc acid, CisHaO ; , melting point 62 9°, 
neutralization eqmv alent 256 4 ) 

The liquid fattv acid fractions (contaminated with small amounts of 
neutral fat), recovered from Fractions C-ll and C-2 respectively, weighed 
5 5 and 21 2 mg The color reactions for steroids were negative 

* All melting points, reported without correction were determined by means of an 
electrically heated stage Lead raynstate melts at 10S 7° lead palmitate at 112 3% 
lead stearate at 115 7° (33) 
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Phosphorylatcd Constituents 

Both antigenic preparations contained 2 1 to 2 5 per cent of phosphorus 
(Table II), all of which was in organic linkage The course of the libera 
tion of phosphoric acid, presented m Table X, wus followed with 1 0 mg 
samples which were heated at 100° with 2 cc of 1 N HC1 m sealed tubes for 
varying time intervals The mixtures were cooled, neutralized, filtered, 
and the inorganic P was determined in the filtrates 

These experiments revealed one interesting fact, namely, the presence in 
both antigens of a portion of the phosphoric acid m a linkage extremely 
labile to acids Within 7 minutes, 18 and 17 per cent of the total P con 
tamed m Fractions C-ll and C-2 respectively were hydrolyzed by 1 N HC1 


Tadle X 

Liberation of Phosphoric Acid from Fractions C-ll and C-S by Acid Hydrolysis 

(y HCl at 100°) 


Duration of hydrolysis 

Inorganic P liberated 

Fraction C 11 

Fraction C 2 

hrs 


per cent of total P 


per cenl of Ictal P 

0 

WUm 

0 

■OH 

0 

0 12 (7 nun ) 


18 

HSH 

17 

0 5 


24 


19 

1 

Kfl 

2S 

0 59 

24 

3 

0 84 

3-4 

0 77 

31 

7 

1 14 

46 

0 95 

38 

15 

1 48 

59 

1 20 

48 

23 

■ mm 

70 

1 37 

55 

35 


81 

1 61 

66 

47 

MMMmm 

87 

1 78 

72 

Complete digestion 

2 49 

100 

2 48 

100 


at 100° The remainder of the phosphoric acid was apparently attached m 
a different type of linkage which was broken by acid only very gradually, 
even after 47 hours the hberation of inorganic P was not complete The 
figures presented in Table X demonstrate the similarity in the rates of 
hydrolysis of the phosphorylated constituents of both antigens 

The inactivity of acid molybdate m catalyzing the dephosphorylation 
excluded the presence of creatine phosphate (34) or of acyl phosphates 
(35), nor did the antigens exhibit the behavior toward acid hydrolysis 
characteristic of phosphoarguune (36) 

A preparation of purified beef intestinal phosphatase (37), obtained 
through the courtesy of Dr Q Schmidt of the Boston Dispensary, failed to 
spht off any phosphoric acid from Fractions C-ll and C-2 within 18 hours 
at pH 9 2 and 37° The same enzyme preparation hydrolyzed / 3 -glycero- 
phosphoric acid to the extent of 94 per cent 
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Amino Acid Composition 

Qualitative chemical tests, referred to m a preceding section, indicated the 
presence m both Fractions C-ll and C-2 of a protein or a polypeptide 
Tyrosine, tryptophane, and histidine appeared to be absent 
The values presented m Table XI were determined following the hydroly- 
sis of samples with 6 n hy drochlonc acid for 16 hours at 100° Less drastic 
hydrolytic conditions gate much lower figures for ammo N, ar-amino acid N, 
and ammo sugar The neutralized hydrolysates, clarified by centrifuga- 
tion, sen ed for the estimation of seven ammo acids, listed m Table XI, 
that comprised about 44 per cent of the total a-ammo acid N of the two 
antigen fractions 


Table XI 


/tmmo A r , a-Amtno Acid -Y, and Ammo Acid Contents of Fractions C-ll and C ! 



Fraction C-II 

Fraction C-2 


per cm t 

per cexi of 
tctdh 


per ml 

Per ctni ef \ 
idol \ 

per Ctrl of 
et-cii-M 
<u\i S 

Amino X 

a Ammo acid X (c/ 

4 1 

81 


4 4 

88 


(31)) 

1 4 

27 


2 4 

47 


Arginine 

0 8 

5 1 

4 6 

I X 

6 9 

3 7 

Glutamic acid 

1 6 

3 0 

10 9 

3 0 

5 6 

II o 

Isoleucme 

1 3 

2 7 

9 9 

1 7 

3 6 

7 6 

Leucme 

0 6 

I 3 

4 6 

1 5 

3 2 

6 7 

Lyrane 

0 3 

1 1 

2 1 

0 5 

1 9 

2 0 

Phenj lalamne 

0 6 

1 2 

3 6 

1 0 

1 7 

1 3 5 

Prokne 

0 9 

2 2 

78 

1 7 

4 1 

| S 6 


The values for arginine were determined by the method of Brand and 
Kassell (38) For the assays of glutamic acid, pheny lalamne, and isoleucine, 
performed by means of Lactobacillus arabinosus, we are obliged to Dr E 
Brand and Dr L Saidel of this Department The bacterial growth was 
measured turbidimetncally (39—41) Lysine, proline, and leucme were 
determined with the help of the corresponding deficient mutant strains of 
Neurospora crassa The procedure described for leucme by Ryan and 
Brand (42) was followed, except for the use of smaller amounts Sterilized 
samples of the neutralized hydrolysates and parallel samples of Mvsme, 
1-pro Ime, and l-leuone, covering a concentration range up to 50 y in a total 
volume of 5 0 cc of modified Fries medium (42), were placed in 10 cc test- 
tubes and inoculated with the corresponding mutant'strains 5 The cul- 

* are greatly indebted to Dr F J Ryan of the Department of Zoology for hia 
helpful cooperation in these assays 
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tures were incubated at 30° for 8 days and the mycelia separated by cen 
tnfugation, washed with water, and dried to constant weight at 100° 
Standard curves, relating mycelial weights to known quantities of the amino 
acids, served for the estimation of the contents of the hydrolysates 

Determination of Acetyl Groups 

Method — The procedure, based on the principle of isotope dilution, was 
tested with a specimen of N-acetyl-d-glucosnmme prepared by synthesis 
(43) This preparation melted at 208-207° (with decomposition) and con 
tamed N (Dumas) G 20 per cent, calculated for CsHisO«N (221 2), N G33 
per cent Its rotation (1 per cent aqueous solution, at equilibrium) was 
[«]d 2 = +39 5° 

A solution of 102 4 mg of N-acclyl-d-glucosammc (0 46 mm) and of 3 976 
mg of labeled sodium acetate (containing 9 8 atom per cent C 13 e\cess, 77 
atom per cent deuterium excess, corresponding to a molecular weight of 
84 5) 10 in 5 cc of n sulfuric acid was heated m a sealed tube for 2^ hours in a 
boiling water bath The cooled hydrolysis mixture was transfered to an 
all-glass steam distillation apparatus with the aid of 15 cc of n H*S0< and 
subjected to steam distillation at constant volume for 30 minutes until 100 
cc of distillate had collected The distillate was vigorously shaken with 
900 mg of silver carbonate for 5 minutes, and the filtrate was concentrated 
under reduced pressure to a volume of 10 cc , clarified, and chilled follow- 
ing the addition of 2 volumes of ethyl alcohol and 1 volume of ether The 
silver acetate , washed with alcohol and ether and dried m vacuo, weighed 
41 7 mg (corresponding to a recovery of 48 9 per cent of the total acetic 
acid present) 

For analysis, 20 56 mg of the silver acetate preparation were burned in a 
stream of oxygen, the vapors were passed through cupnc oxide heated to 
600° and then through saturated barium hydroxide The precipitated 
barium carbonate was washed and converted to CO 2 which was analyzed 
for its C 13 content in the mass spectrometer 10 The residue of metallic 
silver remaining after the combustion of the silver acetate was weighed 
The customary calculations (44) served for the evaluation of the isotope 
dilution The sample of N-acetyl-d-glucosamme was found to contain 
0 46 mM or 19 9 mg of acetyl 

CiII a OiAg (ICC 9) Calculated Ag G4 7 

Found “ 64 8, C 15 excess 0 907 atom % 

t « I..O.N (221 2) Calculated CH,CO 19 5 

Found “ 19 5 

10 We are indebted Co Dr D Rittenberg for samples of the labeled sodium acetate 
and for valuable advice concerning the measurements We also thank Mr 
Sucher of this Department for carrying out the C 1J analyses 
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Acetyl Content of C-ll and C-S — For the determination of the acetv 1 
content, the antigenic Fractions C-ll and C-2 were first freed of hpides b> 
extraction with alcohol-ether (1 1) as described above The conditions of 
acid hjdrolj’sis (\ sulfuric acid, 3 hours at 100°) were known to insure the 
maximum liberation of reducing sugars, the complete deacetjlation of 
N-acetvl amino sugars, and the liberation of possibly present O-acetvl 
which, in general, is more easily hj drolyzed (45) 

For acetyl determination, mixtures of 976 mg of Fraction C-ll (free of 
hpides) and 9 13G mg of the labeled sodium acetate (see abov e) and of 797 
mg of Fraction C-2 (free of hpides) and 4 757 mg of labeled sodium acetate 
were each hj drolj zed with 20 cc of n HrSOj at 100° m sealed tubes for 21 
hours The dark brown hj drolysis mixtures were filtered through sintered 
glass filters, the residues were washed with N HjSCh, and the combined 
filtrates and washings subjected to steam distillation for 30 minutes at 
constant volume The distillation residues served for the subsequent 
isolation of carbohj drates which will be discussed later The separation of 
silv er acetate, earned out as described in the first portion of this section 
yielded 121 6 mg of silver acetate from Fraction C-ll and 30 8 mg from 
Fraction C-2 

C-H,Ojtg (166 9) Calculated 4g 64 7 

Tound Fraction C-ll 64 6 C' 3 excess 0 70 atom To 

" C 2 64 S 1J21 To 

The acetj I values found were 6 IS per cent for Fraction C-ll (lipide-free) 
and 6 01 pier cent for the mtact fraction, 2 16 per cent for Fraction C-2 
(hpide-free) and 1 92 per cent for the intact fraction 

Amino Sugar Content 

Estimation of A -Acetyl Hexosamine — The Zuckerkandl procedure (43) 
as modified bj Morgan and Elson (46) was emplojed The application of 
this method to polysaccharides is restricted bj the fact that the presence of 
the free aldehjde group in the acetj Iated ammo sugar is required (47) 
Although the glycosidic linka ge in a X-acetj Iated hexosamimde appears 
to be broken with greater ease bj acid than the X-acetj 1 bond (4S), the 
values obtained for the X -acetv 1 hexosamme content of a poJvsacchande 
can hav e onij quahtativ e significance 

The hj drolj’sis of the antigenic Fractions C-l 1 and C-2 with \ acid at 100° 
for 3 hours produced maximum reducing values (compare Table XII), but 
the hjdrolj sates contained no X-acetj 1 hexosamine when examined bj 
quantitative colonmetrj Following a hjdrolj sis for 30 minutes onlj, 
however, when about two-thirds of the maximum reduemg values were 
obtained with both fractions, strong reactions for N-acetj 1 hexosamme 



302 


ANTIGENIC FRACTIONS OF PROTEUS 


were found 11 The values included m Table XII show that about 42 pet 
tent of the total hexosanuncs of Fraction C-ll (calculated as glucosamine) 
and 58 per cent of those of Fraction C-2 remained in the acetylated form 
following this partial hydrolysis 

The acetyl values reported in the preceding section, viz 6 0 and 1 9 per 
cent in Fractions C-ll and C-2 respectively, would correspond to 25 and 8 

Tadlf XII 


Comparison of Rales of Liberation of Phosphorus, Reducing Sugars, and Amino Sugars 
bt/ Acid Hydrolysis of Fractions C-ll and C-2 


mm 

Conditions of 




I 





hydrolysis at 100 

Inorganic P 

Reducing 
sugars (as 

N Acctylhexos 
amine 

Hexosamice 

Nonrmlit} 
of IIC1 

1 Duration 



glucose) 







Per cent of 
total P 



per cent 


per cenl 



hrs 


per cent 

per cent j 

of total 
hexosamine 

per cent 

oj JpfoJ 
hexosamine 

C 11 

i 

0 

0 

0 

2 7 

0 

0 

0 

0 



0 12 

0 46 

18 




1 4 

1 6 


i 

0 5 

0 50 

24 


12 

42 

2 1 

9 



1 

0 G9 

28 

33 7 



2 7 

12 



2 



3G 0 



3 1 

13 



3 

0 84 

34 

37 5 

0 

0 

3 4 

15 



4 



3G 3 






4 

S 

1 29 

52 




10 7 

48 


0 

1C 

2 47 

99 

29 2 



23 0 

100 



24 



25 8 



21 6 

94 

C 2 

1 

0 

0 

0 

2 G 

0 

0 

0 40 

4 



0 12 

0 42 

17 

14 1 



0 95 

9 



0 5 

0 47 

19 

18 4 

S 

58 

1 5 

13 



I 

0 59 

24 

21 4 



I 7 

15 



2 



25 2 



1 8 

16 



3 

0 77 

31 

25 2 

0 

0 

1 8 

16 



4 



24 9 




59 


4 

8 

1 19 

48 




G G 


6 

1G 

2 45 

99 

17 8 



11 2 

100 



24 



15 0 



10 6 

95 


per cent of hevosamine if all the acetyl were linked to ammo sugar N in 
these fractions The actual hexosamine content of different preparations 
of Fraction C-ll lay between 23 and 24 per cent, that of Fraction C-2 
between 10 and 11 per cent (compare Table II) The agreement is close 
enough for the assumption that all the ammo sugar present in the antigens 

11 The colorimetric determinations were carried out m a Klett-Sumnicrson photo 
electric colorimeter with a No 54 filter 
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earned acetyl on its ammo group That at least a portion of these ammo 
sugars consisted of d-glucosamine will be shown later 

Estimation of Total Hexosamine — In the colonmetnc determination of 
ammo sugars (23, 49) by successive treatment with acetylacetone (50) and 
p-dimethylaminobenzaldehyde, both the ammo and the aldehyde groups 
have to be free 

The ease with which free ammo sugars are produced m the hydrolysis of 
ammo polysaccharides varies considerably While m several instances 
complete liberation of the amino sugar has been observed upon bnef hy- 
drolysis with n acid, other polysaccharides have proved extremely resistant 

The procedure for the determination of the hexosamine content of the 
Proteus fractions followed, with a number of modifications, the adaptation of 
the Elson and Morgan method (23) described by Palmer el al (49) The 
most important deviation from the method prescribed by these authors 
consisted m the conditions of hydrolysis The establishment of a detailed 
hydrolysis curve permitted the definition of conditions leading to the maxi- 
mum recot ery of hexosamine Hydrolysis of Fractions C-ll and C-2 with 
4 a HC1 for 8 hours (49) ga\ e rise to only about half of the total hexosamine 
contained in these fractions (compare Table XII) A much more vigorous 
hydrolysis proved necessary 

Samples containing 10 to 50 y of hexosamine were h> drolyzed with 0 5 cc 
of 6 N HC1 in sealed tubes for 16 hours at 100° The opened tubes were 
placed m an ice bath, a small drop of 0 05 per cent phenolphthalem was 
introduced, and 3 n NaOH was carefully added m small portions until the 
first indication of alkalinity 13 The solution was neutralized with a few 
drops of 0 01 n HC1 and diluted to 5 cc Duplicate 2 0 cc aliquots were 
placed m 5 cc glass-stoppered volumetric flasks (Pyrex), 0 5 cc of the al- 
kaline acetylacetone reagent (49) was added, and the stoppered flasks were 
placed upright in a boiling water bath for 30 minutes Standard samples 
of glucosamine were always included for comparison The remainder 
of the analysis followed the procedure of Palmer el al (49) The sam- 
ples were read m the Uett-S umm erson photoelectric colorimeter with No 
54 filter 

With regard to interference by other substances (cf (23)) some experi- 
ments were earned out with mixtures of sugars and ammo acids, in the 
presence and absence of glucosamine Neither ammo acids nor sugars 
alone interfered with the determination of glucosamine A mixture of 30 
r of glucose and 20 y of glycine, howei er, gave nse to a color equivalent to 
2 5 7 of glucosamine When these quantities were quintupled, a color 
corresponding to only 4 0 7 of glucosamine developed A mixture of 150 

11 A slight overneutrslization of the well chilled hydrolysate did not affect the 
results 
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y of glucose nnd 100 7 of glutamic acid equaled the color given by 3 3 7 of 
glucosamine The interference everted by these substances may, therefore, 
normally' be disregarded unless their proportion to that of the ammo sugars 
is exceptionally unfavorable 

The rates of liberation of phosphorus, reducing sugars, and N-acetyl and 
free ammo sugars in the course of the acid hydrolysis of Fractions C-ll and 
C-2 are compared m Table XII These values manifest a remarkable 
parallelism m the rates of liberation of inorganic P and of kexosamine 
The complete liberation of the organically bound P appeared to be a requisite 
for the arrival at maximum hexosamme values About half of the total 
ammo sugar was liberated as the N-acetyl derivative after a 30 minute 
hydrolysis with N acid Hydrolysis for 8 hours with 4 n acid, however, was 
required for the liberation of the same amount of ammo sugar in the free 
form It is clear that this apparent discrepancy cannot be due to the 
resistance of the N-acetyl group to acid hydrolysis, since a 3 hour hydrolysis 
sufficed for complete deacetylation without a corresponding liberation of 
free hevosamine, nor can it be due to the destruction of the deacetylated 
ammo sugar, since free glucosamine is stable toward acids (cf (51)) The 
best explanation, if the parallelism in the liberation of P and of hexosamme 
is taken into account, consists in the assumption that the Proteus antigens 
contain phosphorylated ammo sugars m which, before dephosphorylation 
(to which they are particularly resistant) has taken place, the condensation 
with acetylacetone is inhibited 

Carbohydrate Constituents 

The results presented in Table XII demonstrate that Fractions C-ll and 
C-2 contained 14 5 and 14 0 per cent respectively of reducing sugars in 
addition to hexosamme The qualitative tests reported above made the 
presence of significant amounts of sugars other than aldohexoses appear 
unhkely The attempt to characterize the component carbohydrates by 
isolation of suitable derivatives was preceded by orienting experiments on 
the behavior of the hydrolysis mixtures tow r ard fermentation by bakers 
yeast 

Fermentation Experiments — Suspensions of 200 mg of washed bakers 
yeast cells m 1 0 cc of water were incubated at 37 ° with 4 0 cc of an aqueous 
solution of 1 5 mg of a known sugar or with 4 0 cc of a neutralized hydrol- 
ysate (3 hours, n HC1) of Fractions C-ll or C-2 Following incubation 
periods of 15 minutes and of 3 hours, the suspensions were clarified by cen- 
trifugation and aliquots were analyzed for remaining reducing sugar by the 
Ilagedom- Jensen method The necessary controls with yeast in the ab- 
sence of substrates were, of course, included The results, summarized m 
Table XIII, show that m both Fractions C-ll and C-2 the bulk of the re- 
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ducrng sugars present resisted enzymatic degradation, they probably con- 
sisted of galactose and glucosamine The small portion of fermentable 
sugars resembled d-glucose most closely in its behavior toward 3 east 11 
Isolation of Mannose and Galactose from Fraction C-ll — The acidic hy- 
droly-sates (3 hours, n H-SCh) emplo3ed in the acetyl deter min ations 
described above sen ed, after the removal of acetic acid by steam distillation, 
for the isolation of sugar denvatn es (22) from both Fractions C-ll and C-2 
Following extraction with petroleum ether, which yielded practically no 
residue, the aqueous phase was brought to pH 7 1 by the addition of 
saturated banum hy droxade with vigorous stirring m the cold Charcoal 
was added and the mixture was filtered through a thin lay er of diatomaceous 
earth The filtrate was made slightly acid with glacial acetic acid, con- 


Table XIII 
Fermentation by 5 east 



Substrate 

Fernenuuoa 


Weight 

Alter 15 lain j 

Alter 3 hrs 


r*Z 

per cent 

per uni 

Traction C-ll 

9 50 (neutralized hx drolysate con- 
taining 3 56 mg reducing sugars, 
calculated as glucose) 

3 9 

12 4 

“ C 2 

9 51 (neutralized hydro)' sate con 
taming 2 40 mg reducing sugars) 

3 3 

12 5 

d Glucose 

1 5 

33 4 

9S S 

d Mannose 

1 5 

3 0 

9S 4 

d Galactose 

1 5 

0 

3 0 

d Glucosamine 

1 0 

0 2 

11 7 


centrated below 30° under reduced pressure, and brought exactly to 100 cc 
The hydrolysate obtained m tins! manner from Fraction C-ll was found to 
contain284mg of reducing sugars (calculated as glucose) which included 197 
mg of hexosamine (calculated as glucosamine, determined by additional 
hydrolysis with 6 N HC1 for 16 hours) 

An aliquot of this hy drolysate (containing 220 mg of reducing sugars or 
68 mg of non-mtrogenous aldoh exoses) was concentrated to 1 cc under 
reduced pressure The addition of 150 mg of freshly distilled pbenyl- 
hydrazme m 25 per cent acetic acid led to the deposition of a small amount 
of crystalline material which after fix e recrystalhzations from 60 per cent 
ethy 1 alcohol yielded 0 9 mg of white prisms melting with decomposition 

u d Glucosamine is usually found not to be fermented by veast ( cf e g (52)) The 
reason for the disappearance of a small portion of the ammo sugar in the experiment 
included m Table XIII cannot be stated 
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at 197-198° The mixture of this substance with an authentic specimen of 
d-mannosc phcnylhydrazonc (m p 198-198 5°) melted at 197-198° 

The filtrate from the mannose phenylhydrazone was freed of excess 
hydrazine by treatment with benzaldehyde m the customary maimer 
The addition of 150 mg of freshly distilled o-methylphenylhydrazme in 
0 5 cc of alcohol to the concentrated solution (0 5 cc ) brought about the 
formation of 43 7 mg of light brown crystals Pure d-galadosc a methyl 
phcnylhydrazonc was obtained after several recrystalhzations from 30 per 
cent alcohol as shining plates which weighed 14 mg and melted with 
decomposition at 188-189° No depression of the melting point was ob 
served on admixture of an authentic specimen of this hydrazone 


C, 3 H*oO,Ni Calculated C 54 0, H 7 1, N 9 9 

2S-1 3 Found '* 54 8, " 7 1, “ (Dumas) 9 7 


Isolation of Mannose and Galactose from Fraction C-2 — The hydrolysate of 
Fraction C-2, prepared as described above for Fraction C-ll, contained, in 
100 cc of aqueous solution, 142 mg of reducing sugars of which 85 mg were 
hexosamine, and after concentration yielded 1 6 mg of an insoluble phenjl 
hydrazone which after two recrystalhzations from 60 per cent alcohol gave 
0 5 mg of the white prisms of d-mannosc phcnylhydrazonc, its melting point, 
197-198° (with decomposition), was not depressed by admixture of a syn 
thetic specimen 

The filtrate furnished 28 6 mg of a crude a-methylphenylliydrazone from 
which after six recrystalhzations from 30 per cent alcohol 5 1 mg of pure 
d-galaclose a-mcthylphcnylhydrazone were obtained, melting with decomposi 
tion at 187° The melting point was not depressed m a mixture with a 
genuine sample of this compound 


CuH oOsK- (284 3) Calculated, N 9 9, found, (Dumas) 10 1 

Isolation of Glucosamine from Fractions C-ll and C-2 — Of the several 
methods for the isolation of the hexosamine (52-54) the preparation of the 
Schiff base with 2-h3 r drox-ynnpbthaldehyde (54) was chosen, as this pro 
cedure is equally adaptable to glucosamine and chondrosamme 

The filtiates from the metlylplienyllydrazones were freed of excess 
hydrazine by treatment with benzaldehyde and benzoic acid and evaporated 
to dryness in vacuo The residues (from Fractions C-ll and C-2) were 
each subjected to an additional hydrolysis with 20 cc of 6 N HC1 forl6 
hours at 100°, m order to effect the complete liberation of the ammo sugars 
(compare Table XII) The clear, slightly colored solutions, obtained after 
treatment of the hydrolysates with nont and filtration through diatoma- 
ceous earth, were concentrated and freed of HC1 under reduced pressure 
The final solutions (0 5 cc volume) were adjusted to pH 5 0 by the addi- 



A BENDICH AND E CHABGAFF 


307 


boa of KH COi and 200 mg of sodium acetate were added The solution 
resulting from Fraction C-ll was treated with a solution of 600 mg of 
freshly synthesized (55) 2-hydroxynaphthaldehyde (m p 82°) in 4 cc of 
methyl alcohol, that from Fraction C-2 with 250 mg of the same reagent 
The mixtures were kept for 3 hours in the dark at room temperature and 
overnight in the refrigerator, taken to dryness under reduced pressure, ex- 
tracted three times with 6 cc portions of chloroform-ether (2 1), dned, and 
extracted four times with 1 cc portions of ice-cold water The aqueous 
extraction removed considerable amounts of amorphous solids from which 
no definite compounds could be isolated The water-insoluble fractions 
were yellow crystalline substances weighing 76 and 33 mg from Fractions 
C-ll and C-2 respective]} Recrystallization from methyl alcohol yielded 
in both cases pure 2-hydroxyna.phthyhdene-d-glucosamine , 38 mg (from 
Fraction C-ll) and 20 mg (from Fraction C-2) of yellow plates The 
denvatn e from Fraction C-ll melted with decomposition at 198-200°, 
that from Fraction C-2 at 200-201° The mixtures with an authentic 
specimen of the Schiff base (m p 199-200°, with decomposition) melted at 
198-201° and 199-201° respectn ely The specimens were dextrorotatory, 
Ms«o = +212° (at equilibrium, in methyl alcohol) The equilibrium 
rotation reported in the literature (54) is [a] 54s i = +217° 

CnH„0,X Calculated C613.H58 N 4.2 

333 3 Found Fraction C-ll “ 61 1 * 6 0 “ (Dumas) 4 1 

•> C 2 “ 61.2, “60 

DISCUSSION 

The studies presented in this paper show that two antigenic fractions, 
amounting together to somewhat more than 4 per cent of the dry micro- 
organisms, can be prepared from Proteus OX-19 either following its dis- 
integration by tryptic digestion or, preferably, by extraction with dilute 
trichloroacetic acid The major part of the chemical investigations re- 
ported here was earned out with material isolated from the trichloroacetic 
acid extracts The outs tandin g immunological properties of Proteus OX-19 
were retamed in these extracts they gave specific precipitation with antisera 
to Proteus OX-19 and with com alescent typhus sera 

The separation of the two antigenic fractions was based on the large 
particle size of the substance endowed with specificity to both Proteus and 
typhus sera (designated Fraction C-2) which rendered it sedimentable at a 
high centrifugal speed, whereas the other antigen (designated Fraction 
C-ll), which possessed Proteus specificity only, remained in solution Both 
substances were antigenic m the rabbit, their immunological properties 
are discussed m the experimental part The course of the reaction, followed 
by quantitative methods, between the antigens and their rabbit antisera, 


308 


ANTIGENIC TRACTIONS OF PROTEUS 


especially with respect to anti-Fraetion C-ll, was that of a typical antigen 
antibody reaction (24) The sensitive serological test for the detection of 
agar impurities m the bacterial antigens, described m this connection, may 
be of general interest 

The antigenic fractions were electrophoretically homogeneous complexes 
composed of a lipide, a polysaccharide, and a protein portion They 
obviously belong to the extensively studied senes of somatic antigen com 
plexes from Gram-negative bacilli ((1G, 5G-60), cf also (4), p 222) The 
structural function within the bactenal cell of these complicated substances 
is unknown, some of these antigens are known to occur as aggregates of 
large particle v\ eight, sedimentable at high centnfugal speeds (58, 61) 

The two antigenic fractions of Prolcus OX-19 were stnkingly similar in 
the chemical nature of their components, but there were several important 
quantitative differences Perhaps the most important distinction was 
that Fraction C-2, the particulate antigen exhibiting cross-reaction with 
typhus sera, contained about 4 times as much lipide as the Proteus specific 
Fraction C-ll The hpides possibly serve to maintain the large particle 
size of Fraction C-2 in a manner similar to their r6Ie m supporting the 
macromolecular structure of the thiomboplastic protein (28, 62) It is 
remarkable that the partial removal of the hpides from Fraction C-2 under 
relatively mild conditions results m the destruction of its typhus specificity 
without impairment of its reactivity with Proteus antiserum Attempts to 
reconstitute the typhus reactivity by recombining the lipide portion with 
the rest of the antigen were unsuccessful The degree to which the two 
Proteus antigens are related to each other cannot yet be decided, they con 
ceivably represent two different states of polymerization of a basically 
identical chemical unit 14 In what manner the large particle size and the 
high lipide content of Fraction C-2 contribute to its typhus specificity is 
unknown 

The cross-reactivity with human convalescent typhus serum of Fraction 
C-2 is completely destroyed by heat, while its reactivity toward Proteus 
OX-19 antiserum is but slightly impaired This finding, which was made 
repeatedly with several preparations of Fraction C-2 as well as with the 
comparable, although less highly purified, Fraction T-2 from a tryptic 
digest, appears to contradict previous claims (12, 13) concerning the 
relative stabilities of the Proteus OX-19 antigens The bactenal prod 
ucts used m those stability tests lacked chemical charactenzation almost 
completely, so that no companson with the substances discussed in this 

14 It may be of interest to recall that the extraction of a Gram positive acid ‘ ast 
organism, the avian tubercle bacillus, with 0 1 n trichloroacetic acid yields a non 
mtrogenous macromolecular polyglucoson together with a very similar polysa cc a 
ride of lower molecular weight (63) 
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paper is possible The experiments on the disintegration of the antigens 
bj i anous means, a selection of which is mcluded in the experimental part, 
emphasize the resistance offered by these complexes to cleavage mto their 
protem and polysaccharide moieties Treatment with glacial acetic acid 
appeared to be the most promi si ng method 

The study of the constituents of the antigenic complexes requires, with a 
few exceptions, no extended comment As mentioned before, the bacterial 
fractions v ere compounds between hpides (containing a high proportion of 
free fatty acids) and phosphory lated polysacchande-protein complexes 
About one-half of the ammo acid nitrogen of the protem moiety was 
accounted for by the quantitative estimation of seven ammo acids, aro- 
matic ammo acids seemed to be absent The polysaccharide portion was 
found to be composed of N-acetyl-d-glucosamme, which formed the bulk of 
the carbohydrates, together with d-galactose and very small amounts of 
d-mannose Acety lglucosamine and galactose are often encountered as 
components of heterogenetic antigens (cf (4), p 232) Fermentation ex- 
penmen ts indicated the presence of a small amount of glucose, the isolation 
of this sugar, difficult under the experimental conditions, was not 
attempted 

Attention should be drawn to two features connected with the presence of 
phosphorus m the antigenic fractions One has regard to the axistence of a 
portion of the organically bound phosphonc acid m a linkage that proved 
extremely labile to acid The other noteworthy feature relates to the 
possible occurrence m the antigens of phosphorj lated ammo sugar A 
comparative study of the rates of liberation of various components m the 
course of the acid hy drolysis of the antigens rev ealed that maximum v alues 
for hexosamme could not be obtained before all the organically bound P 
had been liberated An extremely long hydrolysis period with 6 n* HC1 
was found necessary The conclusions from these results were drawn be- 
fore in this paper, but it should be pomted out that other instances have 
been recorded, although not expressly noted, m the literature in which a 
similar situation seems to prevail For example, the ease with which the 
ammo sugars are liberated from the capsular polysaccharide of pneumo- 
coccus type XIV (64) and from the blood group A-specific substances 
(47, 64), all phosphorus-free compounds, could be contrasted with the 
refractory behavior of the C and F polysaccharides of pneumococcus type 
I (65), containing about 4 5 per cent of P, in which, it would seem, only a 
portion of their ammo sugar was liberated under the hy drolysis conditions 
employ'ed The observations on the Proteus antigens, presented here, 
emphasize the importance of establishing complete hy drolysis curves with 
the aid of which the maximum recoveries of the various constituents can 
be correlated 
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It is not yet possible to decide to what extent the experiments outlined 
here bear on the general problem of the chemistry of heterogenetic antigens 
However, inasmuch as Fraction C-2 from Prolcus OX-19, which exhibits 
cross-reactivity with convalescent typhus sera, appears to be the Prokus 
agglutinogen involved m the Weil-Fchx reaction (1-3), it will be of great 
interest to compare its properties with those of the Rtclellsia fraction re 
sponsible for the production of agglutinins for Prokus OX-19 The treat- 
ment of human convalescent typhus serum with Fraction C-2 results in the 
removal of the Weil-Feli\ agglutinins Moreover, rabbit antiserum to 
Fraction C-2 is a potent agglutinating serum for Riclcttsxa prowazeh 
It therefore can hardly be doubted that some relationship exists between 
the heterogenetic factors of Proteus and of Riclcttsxa, but whether this 
affinity is founded on composition, size, organization, or other properties 
cannot be discussed before more information on the chemistry of nckettsial 
constituents has become available 

The authors take pleasure m recording their indebtedness to Dr M 
Heidelberger for valuable advice They also wish to thank Mr W Sascheh 
for several rrucroannlyses and Miss Adele Karp for help with the preparation 
of some of the starting material 


SUMMARY 

Two antigens from Proteus OX-19 , an organism known to be agglutinated 
by typhus convalescent sera, have been prepared and charactenzed in a 
variety of ways The extraction of the microorganisms with trichloroacetic 
acid (or, less effectively, their digestion with crystalline trypsin) yields two 
antigenic fractions, different m immunological specificity and in particle 
size, but rather similar in chemical composition A heavy particulate 
fraction (C-2) sedimentable at high centrifugal speeds, is endowed with 
specificity to typhus sera as well as to Prgteus antisera, a lighter fraction 
(C-ll) possesses Proteus specificity only Both fractions, which are 
homogeneous electrophoretically, are phosphorylated hpocarbohydratc- 
protem complexes The typhus-reactive Fraction C-2 loses its precipita 
bihty by typhus sera when heated or freed of hpides 

The study of the chemical composition of the antigens revealed them as 
complexes consisting of (a) hpides (with a high porportion of free fatty 
acids), ( b ) a protein (including arginine, lysme, glutamic acid, leueme, iso- 
leucine, prolme, and phenylalanine, but probably free of histidine, tyrosine, 
and tryptophane), (c) a polysaccharide (containing N-acetylglucosamine, 
mannose, galactose, and perhaps glucose) Part of the organically boun 
phosphorus is present in the form of an extremely acid-labile linkage 
In connection with the presentation of a modified method for the estama- 
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tion of amino sugar, the evidence for the occurrence m these antigens of 
N-acetylglucosamine containing phosphoric acid in ester linkage is discussed 
A method for the quantitative determination of acetyl groups by means 
of isotope dilution and a sensitive serological test for the detection of agar 
impurities are likewise presented 
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Most of the earlier methods for the quantitative determination of 
amino acids are applicable only to purified proteins Interfering reactions 
with non-protein substances, particularly carbohydrates, preclude their use 
for determining ammo acids in foods Great interest has recently 
dev eloped m the amino acid content of foods, particularly the so called 
nutritionally essential ammo acids Methods for their determination in 
foods, therefore, assume increasing importance 

McCarthy and Sullivan (1) described a colorimetric method for the 
determination of methionine in isolated proteins This method was later 
modified by Hess and Sulliv an (2) When applying their method to pro- 
tein foods, we encountered difficulties in its general application The 
present paper describes procedures whereby these difficulties have been 
o\ ercome Closely agreeing results have been obtained with acid hy droly- 
sates and papam digests of the same proteins and foods The values are 
also m close agreement with those obtained for the same materials when 
determined by a microbiological method 1 

EXPERIMENTAL, 

Effect of Temperature on Color Deielopmeni — The colonmetnc method 
of McCarthy and Sullnan mcludes the following procedure To the protein 
hy drolysates, made strongly alkaline with sodium hydroxide, is added 
1 cc of 1 per cent solution of glycine followed immediately by 0.3 cc of 
10 per cent sodium rutroprusside solution The mixture is heated for 10 
minutes at 35-50°, and then strongly acidified by addition of a mixture 
of hydrochloric and phosphonc acids The methionine is determined 
colonmetncully The authors state that less color was developed when 
the temperature was maintained below 35° The glycine was added to 
inhibit color formation with other ammo acids Hess and Sullivan sub- 
sequently modified the procedure bv making the hy drolysates less strongly 
alkaline, and by using 20 per cent hydrochloric acid instead of the mixture 
of hy drochlonc and phosphonc acids 


The microbiological method is described in the paper immediately following 
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When applying the procedure to protein material containing carbohj 
drate, ive observed that greenish blue colors frequently developed instead 
of the red color characteristic for methionine This difficulty was avoided 
by carrying out the reaction at room temperature instead of at 35-50°, 
and by using phosphoric acid instead of hydrochloric acid That the same 
color intensity is developed by allow ing the solution to stand for 10 minutes 
at loom temperature as by heating it at 35-50° was demonstrated by the 
following senes of tests 0 1 cc of a 10 per cent solution of nitroprusside 
was added to aqueous solutions of methionine at concentrations ranging 
from 0 0 to 1 0 mg Readings made with an Evelyn colonmetcr shoned 
practically the same color transmissions after the solutions had been heated 
for 10 minutes at 50° as when they Mere allowed to remain for the same 

Tadw I 


Effect o if Temperature on Color Transmission 


Methionine 

| Transmission* 

Room temperature 

Heated at SO* 

ms 

0 0 

81 

81 

0 2 

63 

64 

0 4 

51 

50 

0 6 

41 

42 

0 S 

31 

32 

. 1 o 

25 5 

26 


* These figures, on a scale of 100, show rclati\e transmissions, tho transmission 
with distilled water being set at 100 


time at room temperature (Table I) It was also found that phospbonc 
acid could be substituted for hydrochloric acid 

Effect of Glycine on Color Intensity — The presence of glycine, added or 
already in the hj'drolysate, reduced color intensity With the same amount 
of methionine, decreasing intensities of color were obtained by adding 
increasing amounts of glycine until the red color was discharged This 
effect arises from the difference m the velocity of reaction betw een methio- 
nine and nitroprusside, and betw’een glycine and nitroprusside Conse- 
quently, the glycine originally present in a hydrolysate causes a decrease 
in color intensity as does also the glycine added to reduce any extraneous 
colors from other ammo acids In order to provide enough nitroprusside 
to react with the methionine and still have enough glycine to eliminate 
extraneous colors, it w r as found necessary to add 0 1 cc of 10 per cent 
sodium nitroprusside solution and 2 cc of 3 per cent glycine solution 
0 2 cc of nitroprusside required 4 cc of glycine, and 0 3 cc of nitroprusside 
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required 6 cc of gly cine Table II shows a direct relationship between the 
mtropnisside and glycine For example, 0 6 mg of methionine gave a 
transmission reading of 70 when the amounts of mtroprusside and glycine 
were increased proportionally 

Maximum transmission readings could not be obtained when the glycine 
was added immediately after addition of the mtroprusside It was neces- 
sary to allow 10 minutes for the mtroprusside to react before adding the 


Table II 

Effect of Glycine on Color Transmission When Amounts of Nilroprusside Remain 
Constant ( Amount of Methionine Used, 0£ Mg ) 


Glycine 

(3 per cent solution) 

Nitropmsside (10 per cent solution) 

0 1 cc 

0.2 cc. 

OJ cc. 

ec 




i 

60 

50 

42 

2 

70 

62 

53 

3 

75 

67 

60 

4 

SO 

70 

67 

6 


81 

70 


Table HI 

Effect on Color Transmission of Delaying Addition of Glycine after Addition of 

Nitroprussidc 


Methionine csed 

Transmission 

Glycine added immediately 

Glycine addition delayed 10 sin. 

Of 



0 0 

92 0 

84 0 

0 2 

84 5 

70 0 

0 4 

77 0 

59 5 

0 6 

70 0 

50 0 

0 8 

64 0 

42 0 

1 0 

57 5 

35 5 


glycine (Table III) A further delay of 5 to 10 minutes did not affect the 
results, neither did the addition of more than 2 cc of glycine as it does in the 
McCarthy and Sulln an procedure 

Effect of Other Amino Acids — All of the ammo acids m a protein hy drol- 
j sate participate by contributing some color to the blank, and the addition 
of glycine does not remove all of this color "Were no methionine present, 
the hydrolysates of different proteins would doubtless give varying -values 
for the blank readings With the object of reducmg the error from this 
source, use was made, for the preparation of a standard cun e, of a solution 
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of nineteen amino ncids (mfcthioninc excluded) m proportions similar to 
those in 100 cc of a hydrolysate of 1 gm of casein The concentrations 
of the amino acids in this solution (Solution A) are given in Table IV 
A 2 cc quantity of the solution is comparable to 2 cc of the protein hydro] 
ysates used in the analyses here reported 

Tabu: IV 


Composition of Amino Acid Solution A (Mg per 100 Cc ) 


Alanine 

20 

Leucine 

100 

Arginine 

48 

Lysino 

60 

Aspartic acid 

GO 

Norleucinc 

30 

Cystine 

10* 

Phenylalanine 

40 

Glycine 

5 

Prolinc 

80 

Glutamic acid 

210 

Serine 

60 

Histidine 

30 

Threonine 

45 

Hydroxyproline 

10 

Tryptophane 

12 

Isoleucme 

50 

: Tyrosine 

G5 



Vnhne 

60 


•A relatively high proportion of cystine vas added, Bince casein contains less 
of this amino acid than most proteins 


Tabu. V 

Effect of Amino Acids Other Than Mctlnomnc on Color Transmission 


Methionine used 

Transmission 

1 ' " ' 1 

Methionine alone | 

Methionine + Solution A 

ms 




97 

84 

0 2 

77 

70 

0 4 

G3 

59 5 

0 6 

52 5 

60 

0 8 

43 

42 

1 0 

35 5 

35 5 


Table V shows the effect on color transmission of the ammo acids in 
Solution A with increasing amounts of methionine as compared with that 
observed with the same amounts of methionine alone The greatest effect 
occurred at Ion concentrations of methionine With concentrations of 
methionine above 0 6 mg , the transmissions were practically the same 
The amount of glycine in Solution A is small compared with that added 
during analysis and exerts very little effect Fortunately, most proteins 
are low m glycine, and, with the method for methionine determination 
described here, the glycine would not cause appreciable error 






HORN, JONES, AND BLUM 


317 


This method, howev er, cannot be applied to proteins containing a rela- 
te ely high content of glj cine and a Ion content of methionine An acid 
hydrolysate of gelatin containing 25 per cent of glj cme was found to mate 
no contribution to the blank Assuming that the glvcine has to be free 
in the hj drolysate m order to produce the reducmg effect, a papain digest 
of gelatin, m which the ammo acids are m peptide union, should offer little 
or no difficult) In fact, a papain digest of gelatin gav e v alues for methio- 
nine agreeing closely with those obtained bj the microbiological method 
Preparation of Standard Cune — A standard methionine solution was 
prepared by dissolving 100 mg of dl - methionine m 5 cc of 20 per cent 
hydrochloric acid and diluting this solution to 100 cc with distilled water 
Into one of tw o E\ elyn colorimeter tubes w ere introduced 2 cc of Solution 
A, 3 cc of water, 1 cc of 5 is sodium hydroxide, and 0 1 cc of 10 per cent 
sodium mtroprusside solution To the other tube were added 2 cc of 
Solution A, 1 cc of the standard methionine solution, 2 cc of water, 1 cc 
of sodium hjdroxide, and 0 1 cc of mtroprusside After standing for 
10 minutes with frequent shaking, 2 cc of 3 per cent glj cme were added to 
each tube The mixtures were allowed to stand for 10 minutes with 
frequent shaking 2 cc of concentrated orthophosphonc acid were then 
added to each tube slowly with constant agitation After 5 minutes, the 
tubes were read in an E\ elyn colorimeter provided with a No 540 filter 
A tube containing 10 cc of distilled water was set at 100 Readings were 
taken for methionine at concentrations ranging from 0 1 to 1 0 mg The 
logarithm of the readings plotted against concentration gav e a straight line 
Determination of Methionine m Proteins — The protein to be analjzed is 
first subjected either to acid hj drolysis or to digestion with papam Es- 
sentially the same methionine values were ob tamed bj both methods 
The acid hjdroljsis is accomplished bj refluxing 1 gm of the protein 
for IS hours with 25 cc of 20 per cent hjdrochlonc acid After the hy- 
drolj'sate is concentrated to a v olume of 5 cc , it is heated to boilrng with a 
small quantity of nont The mixture is filtered bj suction and the residue 
thorough!) washed on the filter with hot water The combmed filtrate and 
washings are then made up to a v olume of 100 cc with distilled w ater 
The papam digestion is earned out as described in a previous paper (3), 
with the exception that before the digest is made up to \ olume mtrogen is 
passed through the solution for 15 minutes to remove hjdrocyamc acid 
This step is essential, otherwise the cyanide will later reduce the intensity 
of the methionine color 

For determination of methionine, 2 cc duplicate samples of the acid 
hj drolj’sate, or papam digest, are pipetted mto colorimeter tubes To 
each tube are added 3 cc of distilled water and 1 cc of 5 n sodium 
hvdronde To one of the tubes is added 0 1 cc of mtroprusside The 
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other tube is used for blank determination The procedure is continued as 
described above for preparing the standard curve 

Recovery Experiments — The accuracy of the method was checked by 
recovery of the total amount of methionine m an acid hydrolysate of 
aiachin to which known amounts of pure methionine had been added, the 
methionine content of the hydrolysate having been previously determined 
The results arc given m Table VI 

The methionine content of a numbci of proteins and foods determined 
by the pioccdures described is given m Table VII For comparison, there 
are included values for the same materials determined by a microbiological 
method 1 

The proteins analyzed, with the exception of gelatin, were samples 
previously prepared by methods which have been described arachm, 
conaiaclnn, and total peanut globulins (22), cottonseed globulin (23), 


Tabu VI 

Recovery of Methionine Added to Hydrolysate of Arachtn (Methionine in Arachm 

Hydrolysdlc, 0 07 Mg ) 


Methionme added 

Total methionine i 

; 

Methionme found 

Recovery 

mg 

mg 

■HHnHHI 

per cml 

0 2 


pVt : ‘ 

96 

0 4 

0 47 


102 

0 0 

0 G7 

o cs 

101 

0 8 

0 87 

0 87 

100 

1 0 

1 07 

1 05 

98 


coconut globulin (24), edestm (25), ovalbumin (25), glycimn (26), lactal- 
bumin (27), phaseolm (28), o\ muscle (25), wheat bran globulin (29), zein 
(23), and casein (30) With one exception, all of the foods analyzed were 
commercial products The Brazil nut meal was prepared from nuts, ground 
and defatted in the laboratory The results obtained by the three pro- 
cedures for the same materials are m close agreement They also agree 
well with those recently reported by others using microbiological methods 
Earlier values recorded in the literature for several of the isolated proteins 
as determined by chemical methods are higher than those here reported 

SUMMARY 

1 A colorimetric method is described for the quantitative determination 
of methionme m isolated proteins and foods 

2 The method is applicable to acid hydrolysates and papain digests 
of proteins and foods 

3 The methionme contents found for some thirty proteins and foods 
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Table VII 


Methionine Content of Various Proteins and Foods {Percentages Calculated on Basts 
of Ash- and Moisture Free Material) 



■ 

Methionine 


Material 


Colon metric 
determinations 

Microbio- 

logical 

determi 

nations 

\ alnes from literature 


■ 

Acid 

b}droJ- 

ysates 

Papain 

digests 


Arachm 

fer cent 

18 30 

percent 

0 31 

per cert 

0 35 

per cent 

0 24 

0 54 (4) 0 67 (5), 0 77 (6), 

Casein 

16 07 

2 60 

2 5S 

2 5S 

0 57 (7) 

2 94-3 64 (1), 2 85 (S), 

Conarachin 

18 20 

2 24 

2 24 

2 13 

3 50 (9), 3 12 (7), 3 50 
(10) 2 6 (11) 

2 12 (5) 

Cottonseed globulins 

IS 00 

1 45 

1 45 

1 40 

1 7-3 2 (12)* 

Coconut globulin 

17 42 

2 12 

2 11 

2 02 

2 05 (13) 

Edestm 

IS 55 

2 14 

2 14 

2 12 

2 07 (13), 2 3 (14), 2 52 

0% albumin (erj stalbnc) 

15 9S 

4 48 

4 50 

4 43 

(15) 2 1 (1), 2 30 (7) 
5 10 (9), 5.22 (16), 3 76- 

Gelatin (Bacto) 

18 32 


0 76 

0 78 

4 5S (6), 4 1 (11) 

0 97 (13), 0 81 (7),0 59 (11) 

Gljcinm 

17 30 

1 20 

1 20 

1 15 

1-84 (4) 

Lactalbumin 

15 39 

1 71 

1 71 

1 62 

2 98 (7), 2 62 (9), 2.80 (16), 

Peanut, total globulins 

IS 01 

1 11 

I 20 

1 00 

2 4(8) 

Phaseolin (navy bean) 

16 07 

1 21 

1 26 

1 12 


Ox muscle 

16 00 

2 75 

2 66 

2 75 

3 66 (4), 3 3 (10), 3 17 (17), 

Wheat bran globulin 

17 76 

1 21 

1 21 

1 04 

3.21 (7) 

Zein 

16 00 

1 62 

1 60 

1 41 

2.32 (IS), 1 6S (8) 

Barley , pearled 

1 86 

0 10 

0 13 

0 12 

0 13 (19) 

Brazil nut meal 

9 03 

2 72 

2 SS 

2 7S 


Corn, whole reflow 

2 22 

0 21 

0 2 S 

0 20 

0 30 (19) 

‘ germ, defatted 

3 93 

0 36 

0 37 

0 35 

0 57(20) 

Cottonseed flour 

20 36 

0 SS 

0 SS 

0 S5 

0.S1 (19), 1 04 (20) 

Egg, whole, dried 

8 11 

1 55 

1 57 

1 39 


Milk, dr^ , skim 

6 57 

0 89 

0 85 

0 S9 

0.S7 (11), 0 93 (19), 0.87 

Oatmeal 

2 73 

0 20 

0 19 

0 18 

(21) 

0.20 (19), 0 39 (20) 

Peanut flour 

10 15 

0 5S 

0 5S 

0 52 

0 57 (20) 

Peas black ej ed 

4 15 

0 26 

0 27 

0 25 


Rice, white 

1 26 

0 09 

0 OS 

0 11 

0127(20) 

ll've, whole 

1 9S 

0 13 

0 14 

0 14 

0 15 (11), 0 29 (20) 

Wheat, whole 

3 07 

0 23 

0 24 

0 19 

0 23(11) 0 23(19) 

‘ germ, defatted 

6 50 

0 56 

0 50 

0 51 

0 81 (20) 

least, dried, brewers’ 

na 

0 54 

0 50 

0 53 

0 66 (11), 0.96 (20) 


* Analyses on different globulin fractions 
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determined chemically on both acid hydrolysates and papam digests are in 
close agreement They also agree with values found for the same proteins 
by a microbiological method 
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MICROBIOLOGICAL DETERMINATION OF METHIONINE 
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(From the Bureau of Human A utntion and Home Economics, Agricultural 
Research Administration, United Stales Department of Agriculture, 
Washington) 

(Received for publication, July 16, 1946) 

Kuiken and coworkers (1) reported that methionine is not essential for 
the growth of Lactobacillus arabmosus 17-5 Later, Hegsted (2), working 
with the same organism, found that growth failed when methionine was not 
present in the medium He called attention to the apparent discrepancy 
in the results obtained m the two laboratories and stated that it was prob- 
ably due to the use of different strains of the organism Hutchings and 
Peterson (3) obtamed good growth of Lactobacillus casei without methio- 
nine, but found that it was essential for maximum growth Shankman, 
Dunn, and Rubin (4) recommend Lactobacillus casei as most satisfactory for 
the determination of arginine, glutamic acid, leucme, phenylalanine, 
tryptophane, tyrosine, and valine, but they do not include methionine 
Recently, Dunn and coworkers (5) found that methionine can be assayed 
with Leuconostoc mcscntermdes P-60 Stokes el al (6) employed Strepto- 
coccus faecahs for the determination of methionine in sev eral proteins and 
foods 


EXPEBIMEATAX/ 

Lactobacillus arabmosus 17-5 was used in the determinations described 
m this paper 1 

Basal Medium — The basal medium (Table I) contained nineteen ammo 
acids in approximately the same quantities of the active isomers as they 
occur m I liter of an acid hv drolysate of 2 gm of casern, supplemented with 
cystine and tryptophane m the amounts indicated 5 cc of this medium, 
diluted to 10 cc with water and incubated for 72 hours, gave the same 
maximum titration (10 cc ) with 01 v sodium hy droxide as a similar 
medium m which the ammo acids had been replaced by an acid hy drolvsate 
of casein supplemented with cystine and tryptophane 10 cc of this 
hydrolysate represented 10 mg of casern 

Without methionine present, this medium gave a blank titration value 
of 1 5 cc of 0 1 x lactic acid after 72 hours of incubation After addition 

1 Obtained from the American Type Culture Collection, Georgetown University 
School of Medicine, Washington, D C 
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of methionine in the quantity indicated in Table I the medium gave the 
original maximum titration value of 10 cc Increasing the quantities of 
the other amino acids to represent their proportions m 20 mg of casein did 
not cause an increase m the titration blank Addition of methionine to 
this mixture gave again the maximum titration of 10 cc 
Inoculum — Stab stock cultures of Lactobacillus aralnnosus were earned 
m a medium having the following composition 1 gm of glucose, 1 gm of 


Table I 

Competition oj Basal Medium 


Glucose 

20 gm 

dl - Alanine 

SO mg 

Sodium acetate (anhj drous) 

12 “ 

/(-fO-ti-gi nine 

96 " 

Salts A 


df- Aspartic acid 

240 " 

KjHPOi 

1 “ 

dl Glutamic acid + HjO 

940 " 

Kir,po 4 

1 " 

Gh cine 

400 " 

Salts B 


l(— )-Histidine hydrochlonde 


MgSOi 711 O 

100 mg 

+ IIO 

& “ 

MnSO< 4H.0 

20 “ 

l(-) Ily droxyprolme 

20 “ 

NaCl 

20 “ 

dl Isolcucinc 

50 " 

FcSCh 7II.0 

20 “ 

dl Leucine 

400 “ 

Adenine* 

103 “ 

dl Lx si no hxdrochlonde 

300 “ 

Guanine* 

100 •• 

dl-h orlcucine 

120 “ 

Uracil* 

100 “ 

dl Phenylalanine 

160 “ 

Thiamine chloride 

2 0 mg 

/(— ) Prolinc 

140 “ 

Pyridoxine hydrochloride 

0 4" 

dl - Serine 

240 “ 

Calcium pantothenate 

0 4“ 

dl Threonine 

ISO “ 

Riboflavin 

0 4“ 

l(-) Tryptophane 

200 “ 

Nipotmic acid 

0 S “ 

/( — ) C\ stine 

400 “ 

p-Aminobenzoic acid 

0 4“ 

f(— )-Ty rosinc 

130 " 

Biotin 

0 01 “ 

df- Valine 

240 “ 

Folic acidf 

30 y\ 

Z(— )-Methionine§ 

100 " 

Solution brought to 1000 cc volume, pH 6 8| 




* Baumgarten cl al (7) 

t Obtained through the courtesy of Dr R J Williams, The University of Texas 
t 30 y of material of “potency 5000 ” 

§ Omitted xxlicn determining methionine 

Bacto yeast extract, and 1 5 gm of agar, per 100 cc The cultures were 
stored in a refrigerator and subcultured each month Inoculum for the 
assay was prepared by transferring a small amount of the growth from a 
stab culture to a centrifuge tube containing 10 cc of a medium consisting 
of 1 gm of glucose, 1 gm of Bacto yeast extract, and 100 cc of liver in- 
fusion, prepared as recommended by the Difco Laboratories After in- 
cubation at 35° for 24 hours, the cells were centrifuged, washed with 
sterile salt solution, and suspended in 5 cc of sodium chloride solution 
1 drop of the cell suspension was used to inoculate each tube m the assay 
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Preparation of Samples for Assay — An amount of material equivalent to 
1 gm of protein was refluxed for 24 hours with 25 cc of 20 per cent hydro- 
chloric acid The hydrolysate was concentrated to a small volume in an 
air bath, and the residue was dissolved in water and boiled for a few minutes 
with a s mall quantity of nont The hot mixture was filtered by suction, 
and the filtrate made up to a volume of 100 cc with distilled water For 
assays, 10 cc aliquots of this solution were adjusted to pH 6 S and diluted 
to 1 liter 1 cc of the solution contained the protein equivalent of 100 y 
per cc The solutions were stored under toluene in a refrigerator 

Preparation of Methionine Standards — The methionine standard solutions 
were prepared by dissolving 10 mg of l (— )-methionme in 1 liter of water 
A 200 cc ahquot of this solution was made up to 1 liter with distilled water 
The two solutions containing 10 y and 2 y per cc , respectively, were used 
tor preparing the standard curve 



MICROGRAMS OR ll-J METHIO UNE 
Fig 1 Methionine curve 


Assay Procedure — For the assay of methionine, 5 cc quantities of the 
basal medium were used A standard curve was prepared by adding 
appropriate amounts of the two standard solutions of methionine to 
separate tubes, m concentrations ranging from 0 to 20 y Each concentra- 
tion was prepared in quadruplicate To another set of tubes containing 
5 cc of the medium were added, 1 0, 2 0, 3 0, and 4 0 cc quantities of the 
protein hydrolysate The v olume m all the tubes was then brought to 
10 cc with water The tubes were autoclav ed at 15 pounds pressure for 15 
minutes and were inoculated with 1 drop of the Lactobacillus arabinosvs 
suspension and mcubated at 35-36° for 72 hours The lactic acid was 
titrated with 0 1 n NaOH, with bromothymol blue as indicator The cc 
of 0 1 N NaOH required to neutralize the acid m the tubes of the standard 
solution were plotted against micrograms of methionine (Fig 1) 

Table n shows the values found for several proteins and foods when 
determined at different assay lev els The reproducibility of the amount 
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of methionine found in several proteins when determined by separate assays 
on each protein is given m Table III Recovery experiments were also 

Table II 


Methionine Content of Some Proteins and Foods Determined at Different 

Assay Letch * 


Protein 
assay level 

Methionine found 

Casein 

Zcm 

Ovaibumfn 

Or muscle 

7 

7 

per cent 

7 

Per cent 

7 

per cent 

7 

Per ani 

100 

2 10 

2 40 

1 40 

1 10 


4 40 

2 50 

2 50 

200 

1 70 

2 35 

2 00 

■ 


4 25 

5 10 

255 

300 

7 35 

2 45 



12 00 

4 20 

7 60 

2 53 

100 

10 00 

2 50 

5 00 

1 10 

10 40 

4 10 

10 0 

2 50 

Average 

2 12 


1 35 


4 24 


2 52 


Whole wheat 

Whole yellow corn 

White rice 

Blade-eyed pess 

500 


0 10 


0 10 



1 10 

0 22 

1000 

1 so 

0 18 

1 SO 

0 IS 

0 95 

0 09 

2 20 

0 22 

1500 


0 17 

2 50 

0 17 



3 30 

022 

2000 

3 30 

0 1G 

3 50 

0 17 

2 00 

0 10 

4 40 

0 22 

3000 





2 90 

0 09 



4000 





3 92 

0 10 



Average 

0 17 


0 17 


0 10 


0 22 


* Percentages uncorrected for moisture and ash 


Table III 

Reproducibility of Methionine Content of Proteins When Determined by 

Separate Assays* 


Protein 

Assay l 

Assay 2 

Assay 3 

Average 

. 

Casein 

Ovalbumin 

Lactalbumin 

Zein 

per cent 

2 42 

4 24 

1 52 

1 35 

| per cent 

2 39 

4 10 

1 50 

1 20 

per cent 

2 32 

4 10 

1 53 

1 40 

■ 

m 


* Uncorrected for moisture and ash 


made of methionine added m different proportions to hydrolysates of casein 
and gelatin (Table IV) The results of the several experiments indicate a 
high degree of reliability of the method 

The methionine values (Table V) found for the proteins and foods assayed 
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are in close agreement with those obtained for samples of the same material 
by the colonmetnc method described in the preceding paper (8), but they 

Table IV 


Reeoiery of Methionine Added to Protein Hydrolysates 


Protein hydrolysate 

Methionine 

In hydrolysate 

Added 

Total 

Found | 

Recovery 


7 

7 

7 

7 

per cent 

Casein 

2 40 

2 00 

4 40 

4 40 

100 



4 00 

6 40 

6 50 

102 



6 00 

S 40 

S 50 

101 



S 00 

10 40 

10 50 

101 

Gelatin 

0 66 

2 00 

2 66 

2 55 i 

96 



4 00 

-x 66 

4 60 

9S 



6 00 

6 66 

6 40 

96 



S OO 

S 66 

S 30 

96 


Table \ 

Methionine Content * of Some Proteins and Foods ( Percentages , Corrected for Moisture 

and Ash) 


Material 

N 

ffx 
"5 5 

41 

5 S 

2 

£ * 
es 
«* 
u 

Material 

\ 

Ms 

£- 
5 S 

E 

*1 

E 2 

u 

Arachin 

IS 30 

m 

m 

Bariev , pearled 

1 S6 

0 12 

0 10 

Casein 


2 5S 

Mi 

Brazil nut meal 


2 7S 

2 72 

Conarachm 


2 13 

2 24 

Com whole \elloT\ 

2 22 

WJWw 

0 21 

Cottonseed globulin 


1 40 

1 45 

* germ defatted 

3 93 

0 35 

0 36 

Coconut globulin 

17 42 


2 12 

Cottonseed flour 

10 36 

0 So 


Edestin 


2 12 

2 14 

Egg whole dried 

S 11 

1 3^ 

1 55 

0\ albumin (cnstalline) 


4 43 

4 4S 

Milk dry skim 

6 57 

0 SO 

0 S9 

Gelatin (Bacto) 


0 7S 


Oatmeal 

2 73 

0 IS 


GUcuun 

17 30 

1 15 

1 20 

Peanut flour 


0 52 

0 5b 

Lactalbumin 

*5 

1 62 

1 71 

Peas black-e^ed 

4 15 

0 2o 


Peanut total globulins 

Ss? 

BE 

1 11 

Rice white 

I 26 

0 11 


Phaseolm (navj bean) 


1 12 

1 21 

Rye whole 

1 OS 

0 14 


0\ muscle 


2 75 

2 75 

\\ heat whole 

3 07 

0 19 


"Wheat bran globulin 



1 21 

** germ defatted 

6 50 

0 51 

0 56 

7ein 





7 71 

0 53 

0 54 


* In order to avoid repetition, methionine values previously recorded for the 
materials listed are omitted in this table since thev are gn en in the preceding paper 


are lower than those previouslj recorded m the literature Most of the 
latter were determined bj chemical methods Recently, Stokes and co- 
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workers (G) have determined methionine in several proteins by a micro- 
biological method m which Streptococcus faccahs 13 employed The values 
here reported agree closely v ith those they found for the same proteins 

SUMMARY 

A microbiological method is described for the determination of methio- 
nine m proteins with Lactobacillus arabinosus The procedure has been 
applied to the assay of thirty proteins and foods with results that agree 
closely with those obtained for the same proteins by a colorimetric method 

Grateful acknowledgment is made to Dr H Reynolds of this Bureau 
for his interest and helpful suggestions during the course of this 
investigation 
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We hate previously described microbiological procedures for the de- 
termination of amino acids in blood plasma (1, 2 ) These methods are now 
applied to sweat and certain experiments are earned out with the view of 
investigating amino acid secretion by the sweat glands The amounts of 
ten individual ammo acids in sweat are reported for the first tame 

EXPERIMENTAL 

Methods 

The microbiological methods used were those described previously by 
Hier and Bergeim (1, 2) and by Hier et ctl (3), except that threonine was 
determined with Streptococcus faecahs according to Stokes et at (4), 
since more consistent results were obtained with this organism than with 
Lactobacillus arabmosus as previously used However, we have found no 
difference in v alues when Streptococcus faecahs or Lactobacillus delbruclii 
was substituted for Lactobacillus casei (used for arginine, phenylalanine, and 
tyrosine), Lactobacillus arabinosus (used for leueme, isoleucine, valine, and 
tryptophane), or Leuconostoc mesenteroides (used for lysine and histidine) 

The subjects usedinall experiments were male medical gnd dental students 
ranging from 20 to 30 y ears of age Unless otherwise stated m Tables I to 
VI, all subjects had a shower or bath no longer than 2 hours previous to the 
collection of the sweat sample This was a precaution against variable 
accumulation of ammo acids on the skin by evaporation Specimens of 
sweat were collected by encasing the nude subjects m a rubber bag as far 
as their necks and seating them in a heat cabinet Incandescent lamps 
furnished sufficient heat to obtain 100 to 200 cc of sweat in 20 to 30 minutes 
The collected sweat was then filtered through a medium porosity Berkefeld 
filter to remove dirt and dfibns 10 cc of this filtrate were diluted to 50 cc 
for assay 1 cc of basal medium diluted to a final v olume of 2 cc with the 
sample and water was used m all cases 

Normal Values — In Tables I and II, data are shown for normal subjects 
with slight variations m preparation of subjects, volume of collection, and 
after ingestion of tyrosine and histidine In this senes the first and second 
sweat samples for each subject were collected on different days There 
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does not appear to be any cfTect of diet upon the amounts of ammo acids in 
the sweat since there is no consistent trend shown in Subjects 1,2, 3, 4, or 5, 
depending upon whether samples were collected before or after eating 
Furthermore, the ingestion of 20 gm of l (— )-tyrosme caused only a slight 
increase in the tyrosine content of sw r cat from Subject 7, which is well within 
the normal range Similarly the ingestion of 20 gm of Z( — )-histidine 
hydrochloride m Subjects 8 and 9 caused no increase m the histidine content 
of the sweat 


Tablf I 

Free Ammo Acid. Composition of Sweat from Normal Human Subjects Collected after 
Slightly Varying Preparation of Subjects and Volume of Collection 
The amino acid values arc reported in micrograms per ce 


Subject 1 


Subject 2 


Amino acid 

USM 

I'm 

after 

lunch 

P.m , 
after 
lunch 

P ra 
no 

lunch 

Pm 

alter 

lunch 

P m 
no 

lunch 

P.m , 
after 
lunch 

Pjn , 
after 
lunch 

Pjn , 
after 
luocb 

Arginine 

170 

0 

171 

0 

92 

5 

00 

6 



159 

0 

170 

0 

140 

0 

no 

0 

Histidine 

140 

0 

09 

0 

40 

5 

42 

5 



74 

5 

100 

0 

120 

0 

97 

5 

Isoleucine 

37 

3 

22 

0 

21 

3 

10 

3 



25 

5 

25 

8 

27 

0 

31 

0 

Leucine 

37 

6 

33 

3 

20 

8 

21 

3 

19 

8 

25 

9 

34 

0 

32 

8 

30 

5 

Lysine 

33 

8 

25 

1 

21 

1 

20 

8 

22 

7 

27 

0 

19 

8 

20 

0 

19 

6 

Phenylalanine 

34 

7 

21 

5 

17 

5 

17 

0 

19 

3 

18 

8 

24 

5 

21 

8 

33 

3 

Threonine 

71 

8 

G5 

7 

50 

0 

21 

3 

70 

0 

81 

8 

50 

0 

31 

5 

40 

5 

Tryptophane 

10 

0 

12 

0 

7 

5 

8 

5 

10 

0 

13 

0 

13 

0 

15 

0 

18 

5 

Tyrosine 

25 

0 

32 

5 

13 

2 

18 

0 

27 

5 

32 

0 

33 

5 

39 

5 

54 

5 

Valine 

43 

5 

31 

0 

24 

0 

24 

0 

20 

3 

37 

3 

32 

8 

35 

5 

38 

3 

Total 

009 

0 

483 

1 

314 

4 

250 

2 

443 

0 

494 

8 

503 

4 

483 

1 

473 

7 

Volume, cc 

NaCl, % 


54 0 

0 22 







25 0 


Subject 3 


Subject 4 


Sub* 
jeet 5 


Subject 6 demonstrates that there is considerable accumulation of amino 
acids on the skm due to evaporation This subject did not bathe for 2 days 
previous to the first collection and all the ammo acids are markedly higher 
than the normal for all subjects, as w'ell as higher than was obtained with 
the same subject m a later collection after a shower in the usual manner 
From the data m Tables I and II it may also be seen that there is neither 
negative nor positive correlation between the volume of sweat and the 
amount of amino acids present This, of course, may not be true if larger 
volumes of sw'eat are collected In our data the maximum variation m 
volume is from 25 to 240 cc of sw'eat 

Variation m Single Subject — The data m Table III demonstrate the varia- 
tion m amounts of ammo acids in sweat which occurs m the same subject 
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Table II 

Free Amino Acid Composition of Sweat from Normal Human Subjects Collected after 
Slightly Varying Preparation of Subjects, Volume of Collection, and after 
Large Doses of Tyrosine and Histidine 


The amino acid values are reported in micrograms per cc 


Ammo tad 

Subject 6 

Subject 7 

Subject 8 

SeSj-cI 9 

Pm 

2 dij-s 

no 

shower 

Pm 

alter 

shower 

Pm 

alter 

lunch 

Pm 
after 
20 gm 
tyrosine 

Pm 

after 

lunch 

Pm 
after 
20 gm 
histi- 
dine 
HQ 

Pm 

after 

lunch 

Pm 
after 
29 gm 
btsti 
dine 
HC1 

Arginine 

315 0 

141 0 

130 5 


135 0 

SpS 


149 5 

Histidine 

210 0 

46 5 

62 5 

66 0 

Li'Ji'l 


34 5 

41 5 

Isoleucine 

52 0 

22 5 

16 0 

20 4 

26 3 

22 0 

Rilil 

33 3 

Leucine 

57 3 

21 0 

30 3 

29 5 

22 0 

33 3 

33 3 

35 8 

Lj sine 

45 5 

17 0 

26 8 

20 5 

24 0 

24 3 

24 5 

27 5 

Phenylalanine 

3S 0 

13 0 

15 5 

25 5 

19 3 

30 0 

25 3 

27 3 

Threonine 

155 0 

55 3 

45 5 

77 3 

5S 0 

75 0 

41 7 

73 0 

Tryptophane 

27 5 

9 0 

9 8 

11 0 

awf 

13 5 

S 5 

13 5 

Tyrosine 

76 0 

27 5 

24 0 

44 5 

26 0 

40 0 

30 5 

42 5 

Valine 

63 3 


30 3 

33 3 

34 3 

31 3 

26 8 

28 0 

Total 

1039 6 

375 8 

391 2 

519 0 

455 4 

605 4 

357 1 


Volume, cc 



240 0 


125 0 

75 0 



NaCI, % 

0 71 


0 39 


0 81 


05S 

0 34 


Table III 


Variation m Amino Acid Composition of Sweat Obtained from Same Subject (A o 10) 
over Period of S Months (Volumes SO to ISO Cc ) 

The amino acid values are supported in micrograms per cc 


Date of 
collection 

Argi 

nine 

Hlsti 

dine 

Isoleu 

cine 

Leucine 

Lysine 

Phenyl 

alanine 

Threo- 

nine 

Tnrpto- 

pnane 

Tyro- 

sine 

\ aline 

Total 

1945 

Jan 

15 

170 0 

89 0 

25 9 

27 5 

19 2 

20 0 


16 0 

17 0 

31 0 

479 6 

a 

22 

HMfl 

86 0 

23 4 

EH 

21 2 

17 5 

59 0 

16 0 

21 0 

26 0 421 1 

tt 

2S 

99 5 

85 0 

14 3 

14 S 

15 0 

21 3 

54 0 

25 5 

2S 5 

22 5 3S0 4 

Feb 

5 

CSC 

74 5 

14 3 

Eimf 

16 5 

IS S 

51 3 

17 5 

29 5 

22 $[455 2 

tt 

14* 

76 5 

52 5 

13 3 

9 S 

12 3 

IFS.-2 

29 0 

9 0 

25 0 

30 3 269 7 

“ 

14f 


55 5 

mo 

14 5 

13 3 

17 7 

37 5 

10 5 

26 5 

31 5 334 0 

Apr 

n 


63 5 

14 3 


17 3 

IS 0 

52 5 

9 5 

34 0 

23 3 367 4 


* Before lunch 
1 2 hours after lunch 

1 2 hours after 25 gm of histidine hj drochlonde 


when n senes of collections is made over a prolonged penod Seven 
collections were made within a penod of 3 months In Table IV the means 
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and standard errors calculated from the data in Table III for Subject 10 
are compared with the normal values These normal values include all of 
the subjects in Tables I and II except the first sample for Subject 6 The) 
also include the sweat values m Table V In the case of arginine, iso 
leucine, leucine, and lysine, the variation is of the same order of magnitude 
for the single subject as compared to all the subjects, while there is greater 
variation for the single subject in the case of tryptophane and less vanation 
for histidine, phenylalanine, threonine, tyrosine, and valine 
Table III also shows that diet or previous ingestion of 20 gm of f(-) 
histidine hydrochloride has no effect on ammo acid composition 6f sweat in 
tins subject 


Tabie IV 

Range of Free Amino Acids in Sweat from Nine Normal Subjects Compared to That oj 
Seven Sweat Collections from One Subject and to Normal Human Plasma 


The mean and standard deviation are given in micrograms per cc 


Amino acid 

[ Subject 10 data ■ 
from Table III 

Normal subjects, 1 
Tables I and II 

Normal human 
plasma ( cj (1)) 

Arginine 

12G 

6 

rfc 

37 

0 

135 

8 

dr 

39 

2 

23 

2 

±6 

4 

Histidine 

72 

3 

db 

4 

4 

80 

2 

db 

9 

7 

14 

2 

db 2 

4 

Isoleucine 

17 

5 

=fc 

5 

0 

22 

7 

db 

6 

6 

16 

G 

db 3 

4 

Leucine 

18 

2 

± 

5 

9 

26 

9 

± 

7 

7 

20 

3 

rfc 3 

6 

Lysine 

10 

4 

± 

2 

9 

22 

6 

± 

4 

5 

29 

7 

±4 

6 

Phenylalanine 

17 

9 

± 

2 

7 

21 

9 

± 

6 

3 

14 

0 

±3 

5 

Threonine 

49 

6 

± 

11 

4 

53 

8 

dr 

18 

4 

20 

8 

rfc 4 

9 

Tryptophane 

14 

9 


5 

3 

11 

2 

± 

3 

3 

11 

1 

rfc 2 

3 

Tyrosine 

25 

9 

± 

5 

4 

31 

5 

± 

9 

5 

15 

0 

±4 

2 

Valine 

26 

8 

± 

3 

6 

29 

6 

± 

7 

5 

28 

9 

rfc 3 

7 


Ammo Acids of Sweat Compared to Plasma — It may also be seen from 
Table IV that the mean values for isoleucine, leucine, lysme, phenylalanine, 
tryptophane, and valine are of the same order of magnitude in sweat and 
plasma However, arginine and histidine are approximately 6 times 
higher in sweat than in plasma, while threonine and tyrosine are about 2 
times higher in sweat 

To study this problem further one of us (S W H ) ingested 25 gm of 
Z(— )-tyrosme and Z(— )-histidine hydrochloride after having simultaneous 
blood, sweat, and urine samples taken 2 hours later sweat, unne, and 
blood samples were again taken It is evident from Table V that again 
the arginine and histidine content of the sweat is markedly higher than that 
of the blood plasma, while the threonine and tyrosine content of sweat is 
slightly higher than that of plasma Furthermore, although the level of 
histidine and tyrosine rose significantly in the blood and spilled over into 
the unne as a result of the large dose of ingested ammo acids, there w r as no 
such change in the sweat 
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Table V 

Effect of Ingestion of Large Amounts of !(—) Histidine Hydrochloride (So Gm ) and 
l(—)-Tyrosme (£5 Gm ) on Free Ammo Acid Composition of Sweat, 

Blood Plasma, and Vnne 


The amino acid values are reported in nucrograms per cc 


Simple 

O 

gH 

*5 

O 

c 

2 

w 

o 

3 

8 

Leucine 

a 

£ 

5 

Fhenylalanlne 

Threonine 

O 

C 
, «S 

O 

c. 

H i 

Tyroilne 

O 

JE 

*3 

> 

Total 

Sweat I, before ingestion of 



14 3 

12 5 

18 2 

16 3 

SB 

m 


17 0 

339 3 

ammo acids 

Sweat 2, after ingestion of 

77 oj 

i 

82 5 

■ 

11 3 

14 4 

14 o; 

25 8 

6 5 

1 

27 5 

13 5 

2S3 3 

amino acids 

Plasma 1, before ingestion of. 

31 S 

19 5 

B| 

21 5 

26 7 

1 

13 2 

18 9 

12 9 

17 4 

25 5 


ammo acids 

Plasma 2, after ingestion of 

42 0 



16 7 

34 2 

11 4; 

27 0 


55 2 

25 5 


amino acids 

Urine 1, before ingestion of , 

. 








41 5 



ammo acids 

Urine 2, during ingestion of 


1 







35 5 



ammo acids 

Urine 3, after ingestion of | 


|l750 0 







176 5 



ammo acids 













Table VI 


Effect of Ingcshonof Large Amounts of l(-) Tyrosine (SS Gm ), dl Isolcucme (£5 Gm ), 
and dl Threonine (£5 Gm ) on Ammo Acid Composition of Sweat and Blood Plasma 
The amino acid values are reported in nucrograms per cc 


Sample 

Arginine 

C 

-3 

n 

a 

c 

3 

© 

V 

e 

3 

*3 \ 

D 

© 

■0 

£ 1 

1 

O I 

c 1 
a 

jg 

c 

Kt 

JG 

ft. 

Threonine 

Tryptophane 

Tyroilne 

1 

m 

> ! 

“m 

c 

Sweat 1, before ingestion of 
ammo acids 

m 

59 5 

. 

17 3 

19 5 

11 3 

19 5' 

1 



m 

15 3 

1 

313 4 

Sweat 2, after ingestion of 
amino acids 

Kg 


22 5 

27 8 

13 8 

22 5 

3S 3 

1 

9 5 

m 

17 8 

1 

35S 2 

Plasma 1, before ingestion of 
amino acids 

26 4 

14 4 

15 3 

20 3 


21 3 

17 31 

5 7 


25 4 


Plasma 2, after ingestion of 
ammo acids 

21 0 

14 7 


7 7 

15 9 


1 

4 2 

76 5 

15 



The influence of 25 gm of l(— )-tjTOsme, 25 gm of df-isoleucme, and 25 
gm of df-threomne was similarly studied m a second experiment on the 
same subject, as shown in Table VI Again while the blood let el of these 
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ammo acids rose significantly, there w as no effect on the composition of the 
sweat Here also the arginine, histidine, threonine, and tyrosine concen 
trations are higher in the sweat than in the plasma, while the other amino 
acids are present in about the same concentration m plasma and sweat 

DISCUSSION 

Our results show that the amino acids secreted m the sweat are inde- 
pendent of the effect of diet or food ingestion since no difference m composi 
tion is found in sweat taken from subjects m a fasting state or after eating 
Furthermore, the level of the amino acids m sweat is independent of the 
variations in the blood Ingestion of large amounts of amino acids which 
causes a marked rise in the blood level is without effect on the sweat ammo 
acids This must mean that the amino acids do not appear in the sweat 
merely by filtration from the blood This is further shown by the fact 
that arginine and histidine are markedly higher and threonine and tyrosine 
are slightly higher m sw'eat than m plasma, while the other ammo acids 
studied are present in approximately the same order of magnitude m both 
fluids The high arginine content of sw eat is particularly interesting in 
view of the findings of Talbert cl al (5) that the urea nitrogen of sweat is 
about 4 or 5 times that of blood Arginine may be involved m the forma 
tion of this urea by the sweat gland 

These results are consistent with the findings of other observers that 
there is not a very good correlation between blood and sw'eat levels of 
other, substances The glucose (G) content of sweat is considerably lower 
than that of the blood, while lactic acid (7) is about 20 times higher in 
sw'eat than m blood According to Talbert (8), using a rather unreliable 
method, the ammo nitrogen of sweat is slightly low er than that of blood 
Alcohol when ingested appears in the blood and sw'eat in the same concen- 
trations (9) Johnson cl al (10) recently have shown that the sw'eat chlonde 
concentration is low'er than that of serum, and that there is no apparent 
correlation between the level of serum and sw'eat chlorides 

The variation m the ammo acid composition of sw'eat samples taken from 
one individual over a period of time appears to be approximately equivalent 
to the variation occurrmg within the normal population for arginine, 
isoleucine, leucine, and lysine Less variation occurs with histidine, 
phenylalanine, threonine, tyrosine, and valine m the individual than m the 
population In our subject the tryptophane content of the sweat was 
more variable than that of the population 

The amount of ammo acids lost m the sw'eat is not strikingly significant 
m the economy of ammo acids by the body In our subjects the sw eat con- 
tamed about 0 44 mg per cc of the ten amino acids studied Under aver- 
age conditions of temperature and humidity, the amount of sw'eat is about 
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500 cc per daj This would represent a loss of about 220 mg per da} of 
the ten amino acids E\en with e\cessi\e sweating m warm weather 
with actue work when 3 liters of sweat maj be formed, onl} 1 3 gm of 
these ammo acids would be lost 

SlTUMARl 

The microbiological detemunation of ten free amino acids m normal 
sweat is reported These are found as follows m micrograms per cc 
arginine 135 8 db 39 2, histidine SO 2 =t 9 7, isoleucine 22 7 ± 6 6, leucine 
26 9 ± 7 7, 1} sine 22 6 dn 4 5, phen} lalarune 21 9 ± 6 3, threomne 53 S ± 
18 4, tryptophane 11 2 db 3 3, t}Tosme 31 5 =b 9 5, and \ aline 29 C i 7 5 
It is found that the marked increases in the free ammo acid content of the 
plasma due to ingestion of large amounts of single amino acids are without 
effect on the ammo acid content of the sweat Similarl}, food ingestion 
does not appear to hate an} effect Furthermore, the arginine and histi- 
dine content particularh , and the threomne and tyrosine content of sweat 
to a lesser extent, is higher m sweat than in blood plasma, while the other 
amino acids are present in about the same amounts These observation-, 
indicate that the ammo acids do not appear in sweat merel} as a result of 
filtration from the blood plasma The loss of ammo acids m the sw eat does 
not appear to be of much importance m the economy of ammo acids b\ the 
body 
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OLEIC ACID AS A GROWTH STIMULANT FOR 
LACTOBACILLUS CASEI 

Br VIRGINIA R WILLIAMS and E A FIEGER 

(From the Department of Agricultural Chemistry and Biochemistry, Louisiana 
State University, Baton Rouge) 

(Received for publication, August 16, 1946) 

Lipoidal stimulation of Lactobacillus casei in the microbiological biotin 
assay was noted at this laboratory, and methods for removing stimulating 
substances reported (1) Because of difficulties encountered from time to 
time m reproducing the effects obsen ed with pure oleic acid, experiments 
itere devised to determine what factors affect the extent of acid production 
stimulated by oleic acid Accordingly , a study was made of the influence 
of (a) pH of the medium, (6) length of incubation penod, (c) temperature 
of incubation, and (d) concentration of lipide on the growth of Lactobacillus 
casei in the presence of oleic acid as measured acidimetncally and m some 
cases turbidimetncally Those findings are reported here in addition to 
seieral related experiments Parallel studies made with rice oil will be 
presented in a later communication 

EXPERIMENT At, 

General Procedure — Unless altered specifically, the standard procedure 
for each expenment was as follows Tubes containing increments of 
standard biotin from 0 to 1000 micromicrograms and tubes containing 100 
y of oleic ac'd plus either 0 or 1000 micromicrograms of pure biotin 
were supplied with biotm-free medium of pH exactly 5 6, autoclax ed 15 
minutes at 15 pounds of pressure, cooled rapidly to room temperature, 
inoculated with a washed, saline suspension of Lactobacillus case i as de- 
scribed by Landy and Dichen (2), and mcubated at 37° for 72 hours At 
the end of this penod the acid produced by the bacteria uas titrated with 
01 n NaOH by use of a Bec kma n pH meter Turbidimetnc measurements 
Here made against distilled water at 7000 A on the Coleman model 11 
spectrophotometer All assays were made in duplicate 

For the sake of conciseness, standard tubes will be referred to here as 
Tubes S, with the micromicrograms of biotm gnen as a subscnpt, eg 
Tubes S,ooo Tubes containing 100 y of oleic acid will be referred to as 
Tubes OA, with micromicrograms of included biotm indicated in sub- 
scripts, e g Tubes OA 0 or OAicoo 

A basal medium was used containing proportions of vitamins recom- 
mended by Wnght and Skeggs (3) and proportions of other constituents 
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as recommended by Krelil, Strong, and Elvehjem (4) Additional con 
stituents w ere 20 mg of xanthine, 400 mg of asparagine, and 50 y ol 
folvite 1 pci liter of double strength basal medium Standard cunes 
obtained with this medium w ere nearly linear, with a range of 2 93 to 1G 79 
ml of 0 1 N acid, taken as an average of thirty-one typical curves 

The oleic acid, chemically pure and hnolcic acid-free, was obtained from 
Eimer and Amend Except foi short periods during weighing, it was 
kept icfrigemtcd at 0° The iodine value was 89 8, calculated 899 To 
prepare an emulsion for pipetting into assay tubes, 100 mg of oleic acid 
were weighed out and dissolved in 10 ml of 95 per cent alcohol 1ml of 
tins solution was pipetted into 99 ml of distilled water, giving an opalescent 
solution containing 100 y of oleic acid per ml 

Effect of pH — The pH of the medium w as varied from 4 5 to 7 0 at in 
tervals of 0 5 unit In Fig 1 are presented curves taken as an average oi 
three experiments No grow tk was evident in any of the tubes at pH 4 5, 
doubtless because of tlje acidity of the medium At pH 5 0 some growth 
was obtained as evidenced by the increase in acid m Tubes Siooo oier 
Tubes So The high acidity of Tubes So was due obviously to the low pH 
of the medium Growth m Tubes OAmo did not exceed that of Tubes So 
and there was likewise no stimulation in Tubes OA 0 At pH 5 5, normal 
values were obtained for the standard tubes and the effect of the oleic acid 
wrns most pronounced Great. stimulation was obtained in Tubes OA 0 
Inhibition was observed m Tubes OA JO oo, although growth at this pH was 
maximum for the curve of Tubes OAjooo As wall be discussed later, the 
inhibition evidenced m the latter tubes w as overcome with a longer m 
cubation period Repetition of these curves at intervals of 0 1 pH unit 
showed the same general shape, with maxima for oleic acid around pH 55 
When the pH was raised to G 5 or 7 0, the growth of the organism in the 
presence of oleic acid was depressed noticeably below' that in Tubes So 

Effect of Length of Incubation Period — Five replicate sets of tubes were in 
oculated and incubated, and one set titrated at each 24 hour penoa 
(Table I) Acid production in Tubes OA 0 did not exceed that m Tubes So 
until the 72 hour reading wars made, wdiereas acid production in Tubes 
OAiooo was not equal to or m excess of that m Tubes Siooo until the 96 
hour reading The reason for the increased lag m the latter case is 
unknown 

Effect of Temperature of Incubation — Replicate sets of tubes were in 
cubated at temperatures ranging from 30-45° The maximum stimulating 
effect with oleic acid was observed at a temperature of 37°, whereas no 

1 Synthetic Lactobacillus casei factor kindly supplied by the Lederle Laboratories, 
Inc 
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growth could be obtained in the presence of oleic acid at 45° (Table II) 
In all cases the pll of the medium was favorable to stimulation (56) 
Effect of Concentration of Jnpidc — The concentration of oleic acid was 
varied between 10 and 5000 y per tube (Table III) Maximum acid 
production per 10 ml of medium was obtained at a concentration of 400 7, 

Tajiii II 


Effect of Incubation Temperature on Oleic Acid Stimulation of Lactobacillus casci 


Temperature 

of 

incubation 

Tubes So 

Tubes OA» 

Tubes S 1000 

Tubes OAitet 

0 1 N acid 
per tube 

0 1 n acid 
per tube 

Apparent 
biotin content, 
per tube 

0 1 N acid 
per tube 

0 1 N acid 
per tube 

Apparent 
biotin content 
per tube 

•c 

ml 

ml 

mteromterotrams 

mm 

ml 

mtcrmurotrw 

30-31 

2 30 

2 2G 

0 

in 

2 26 

0 

33 

1 43 

3 98 

137 

Wam 

6 00 

253 

37 

2 55 

8 30 

307 

H9 

13 5S 

657 

45 

2 91 

1 09 

<0 

15 23 

1 80 

<0 


Table III 


Effect of Concentration on Oleic Acid Stimulation of Lactobacillus casci 


Oleic acid per tube 

Apparent biotin content per tube 

y 

mcromcrotroms 

10 

50 

50 

230 

100 

349 

200 

481 

300 

497 

400 

585 

500 

536 

1000 

440 

2000 

275 

3000 

87 

4000 

10 

5000 

<0 

I - 


with marked inhibition evidenced at the higher concentrations The data 
presented represent averages of three determinations 

Comparison of Titnmetnc and Turbidimclnc Assays in Presence of Okie 
Acid — Previous comparisons of the titnmetric and turbidimetric metko s 
of biotin assay with Lactobacillus casci at this laboratory had given ex- 
cellent agreement on materials such as Curbay powder or fat-free rice 
polish Data taken from several such assays are presented as Assavs 
7, 8, and 9 in Table IV The acidimetnc method, however, has in the pus 
been used almost exclusively here In the course of the studies on oleic 



















V E "WILLIAMS AND E. A IXEGEH 


339 


acid it was obsened mam'" times that oleic acid-contaming samples indi- 
cating heavy growth by their turbidity contained surprisingly small 
amounts of acid A comparison then was made of the two methods on 
tubes containing oleic acid onlj (Tubes OA 0 ) or oleic acid plus added 
biotin (Tubes OAmoo) In all cases much higher assay values were ob- 
tained turbidimetncally , and this discrepancy persisted e\en when the 
tubes had been incubated 7 days These data are presented in Table IV 

Table IV 


Comparison of Turbtdimelnc Titnmctnc Assay Methods tenth Tubes Containing 

Oleic Acid 


Asxiyho 

Tube contents 

Apparent biotin content per tube u measured by 

Titration 

Turbidity 



mtcrerncretrcns 

rucremcretraas 

i 

OAo, 72 hrs 

333 

836 



442 

905 



23S 

902 

2 

OAjooO) 72 hrs 

640 

1460* 



678 

2550* 



630 

1460* 

3 

OAo, 96 hrs 

636 

1217* 



595 

1170* 

4 

0 4 iooo, 96 hre 

1295’ 

1700* 



1460* 

1700* 

5 

OAo, 16S hrs 

920 

1204* 



1040* 

10S0* 

6 

OAjoo©» 16S hrs 

12S0* 

15S0* 



4260* 

1450* 

7t 

C 1( 72 hrs 

230 

215 

8t 

Co, 72 “ 

455 

445 

£>t 

C,, 72 " 

625 

625 


* Extrapolated \alue 
t Curbay pon der extract 


Cell a olume measurements made by centrifugation of cultures in Bauer- 
Schenck protein tubes checked with turbidunetnc assay 
In new of the extensile growth of cells and correspondingly low pro- 
duction of acid m the 72 hour oleic acid cultures, it was postulated that the 
organisms might be comerting glucose to some product other than lactic 
acid, at least during the first 3 days of growth Glucose determinations 
(Shaffer-Hartmann method) made in parallel with titrations oxer an 120 
hour period at 24 hour internals definitely showed that such was not the 
case In so far as glucose was concerned, no departure from normal 
metabolism of the organisms could be detected 
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Maintenance of Lactobacillus casci on “ Biotin-Free ” Medium— In men 
of the excellent growth of L casci obtained m the presence of oleic acid on 
“biotin-free” medium (traces of biotm in the casern hydrolysate), it was 
decided to attempt continued maintenance of a culture on such a medium 
L casci was inoculated into the biotin-free medium described earlier, to 
which were added 100 y of oleic acid per 10 ml of medium, and was trans 
ferred approximately every 4 days to a fresh tube of such medium At 
the date of this writing, 4 months f.om the first transfer, the culture is 
growing even more vigorously than initially As tested recently, the 
cultural characteristics of the organism were unchanged from those of the 
cultures earned on glucose-yeast extract agar A new transfer of Snell’s 
strain obtained from the Amencan Type Culture Collection grew well 
on the oleic acid medium In all cases, a 30 to 48 hour lag occurs before 
cell production is noticeable on the oleic acid medium 

Although lack of biotm synthesis in the presence of stimulating oils 
had been demonstrated m a previous communication (1), the experiments 
were repeated with pure oleic acid Two 96 hour cultures containing 
(a) 1000 micromicrogrnms of biotm per 10 ml of medium and (h) 100 7 
of oleic acid but no biotm per 10 ml of medium were each separated as to 
cells and supernatant medium and hydrolyzed m 5 n sulfuric acid for 2 
hours at 15 pounds of pressure Hydrolysates ivere neutralized with Ba 
(OH) 2 , digested, filtered, concentrated, and assayed No biotm was found 
m either cells or supernatant liquid of the oleic acid-supported culture 
Biotm recovery from the biotm-con taming culture was 61 0 per cent 
These findings are in complete agreement with the previous work cited 
Stimulation of Lactobacillus casci by lipoidal materials has been re- 
ported in the riboflavin and pantothenic acid assays by Bauemfemd et al 
(5) (to mention only one of many such papers), but in all these cases it has 
been pointed out by the workers that no stimulation occurred in tubes 
containing no added pure vitamin , 1 e , small amounts of either riboflavin 
or pantothenic acid were necessary for the lipoidal stimulant to exercise 
its effect In the biotm assay, however, it has always been possible to 
produce lipoidal stimulation m tubes containing only the biotin-free basal 
medium plus the stimulating agent (1) It was held advisable to check 
this point on the present medium Table V bears out the previous findings, 
growih with oleic acid alone having been obtained only m the case of the 
biotm-free medium In this particular experiment acid production with 
oleic acid was even higher than usual, as wall be noted by comparison with 
Tables I and II The somewhat higher blanks (Tubes So) obtained with the 
biotm-free medium compared with the other media in Table V demonstrate 
the presence of traces of biotin mentioned above m connection with casein 
hydrolysate Whether these traces are sufficient to make the case for 
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biotm completely analogous to those for riboflavin and pantothenic acid 
is not known at present Work has been initiated on the effects of oleic 
acid in a completely synthetic medium 

Oleic acid stimulation m medium containing chloroform-extracted 
casern h j drolvsate and in chloroform-extracted medium has been in- 
vestigated because of the report of Kodicek and Worden (6) of differences 
found with extracted and unextracted media No differences were found 


Table V 

Effect of Oleic Actd in Various Vitamin Free Media 


Tube contents 

0 1 N acid per tube 

Biotin free medium 

Pantothenic acid 
free medium 

Riboflavin free 
medium 

Nicotimcaad free 
medium 


ml 

ml 

ml 

ml 

So 

3 62 

3 06 

2 40 

3 06 

OAo 

11 63 

2 66 

2 18 

2 97 


Table VI 

Effect of Other Fatty Acids on Acid Production of Lactobacillus case i 


Acid added, 3,5 X 10 -7 mole 
per tube 

Acid production in 72 hn 

Tubes with 0 biotin 

Tubes with 1000 micromicrograms 
biotin 

Caprylic 

Normal 

Normal 

Capnc 

11 

ti 

Launc 

No acid produced 

Great h inhibited 

Mynstic 

(f « « 


Palmitic 

Normal 

Normal 

Steanc 

«( 

Cl 

Lmoleic 

No acid produced 

No acid produced 

Elaidic 

Stimulated 

Stimulated 

Oleic* 

11 

Inhibited 

*■ t 

it 

it 


* Casein h\ drolysate of medium chloroform-extracted 
*t Entire medium chloroform-extracted 


with the present medium, comparable s timula tion from oleic acid being 
obtained with either the chloroform-extracted medium or medium contain- 
ing chloroform-extracted casern hj drolj sate These experiments are in- 
dicated m Table VI 

Effect of Other Fatly Acids — In Table VI are reported findings with other 
fatty acids Of the saturated fatty acids, launc and mynstic were found 
to inhibit acid production m 72 hour cultures In no case was stimulation 
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noted, although the pH of the medium was 5 6 Lower concentrations of 
launc and myristic acids permitted half maximum growth m tubes con 
taming 1000 micromicrograms of biotin Linoleic acid completely re 
picsscd growth Elaidic acid, on the other hand, stimulated growth both 
in tubes containing no added biotin and in those containing 1000 micro- 
micrograms Stimulation in the latter case m a 72 hour culture exceeded 
that observed repeatedly with oleic acid, as discussed before, i c , inhibition 
of growt.li m the presence of 1000 micromicrograms of biotin until 96 hours 
of incubation 


DISCUSSION 

How oleic acid functions in the biotin metabolism of Lactobacillus cam 
and why its influence is affected by pH of medium, length of time and 
temperature of mcubation, and concentration used are not known at the 
present time The effects obtained suggest the possibility that under 
specific conditions oleic acid or some derivative can replace biotin Two 
objections, hoivevcr, can be raised to such a hypothesis first, until oleic 
acid stimulation can be demonstrated on a truly biotin-free medium, it is 
not judicious to speak of oleic acid as having “replaced” biotin, and second, 
such a hypothesis leaves no explanation for similar phenomena observed 
in the riboflavin and pantothenic acid assays 

The lipoprotein nature of the cell cytoplasmic membrane (7) in addition 
to the surface properties of oleic acid (8) suggests possible physicochemical 
mechanisms, as discussed by Kodicek and Worden (6) The fact that 
elaidic acid, which can penetrate and pack m surface films better than oleic 
acid (9), proved more stimulating to Lactobacillus casei lends weight to 
such interpretations Of the saturated fatty acids tested, only launc 
and myristic displayed any effect, although palmitic and stearic acids are 
known to be surface-active also The explanation for this behavior 
probably lies in the differences m stability of the emulsions Mynstic, 
lauric, and hnoleic acids all formed opalescent colloidal solutions showing 
no tendency to break down Stearic and palmitic acids, on the other 
hand, were stable for less than an hour in the dispersed state and w'ould 
frequently flocculate m the test-tubes soon after being pipetted 

The sensitivity of this phenomenon to pH, temperature, time, and con- 
centration of oil suggests the involvement of an enzyme system The 
curves obtained with oleic acid-containing media at various pH values 
(Fig 1) are strongly reminiscent of enzyme pH-actmty curves Further 
theorizing at this point is inadvisable 

SUMMARY 

Oleic acid stimulation of Lactobacillus casei has been found affected by 
the pH of the medium, length of mcubation period, temperature of in- 



V E WILLIAMS AND E A FTEGER 


343 


cubation, and concentration of oleic acid added TVhen the control con- 
ditions were varied one at a time, maximum st imula tion u as obtained at 
pH 5 5, incubation period of 96 to 120 hours, incubation temperature of 
37°, and concentration of 400 y of oleic acid per tube 
Parallel titnmetnc and turbidimetnc measurements of tubes containing 
oleic acid showed complete lack of agreement, with much higher \alues 
obtained m turbidimetnc assaj 

Lactobacillus casei has been successful!} maintained on an essentiall} 
biotin-free medium containing oleic acid for a 4 month penod and is 
continuing to grow well Transfers are made ei ery 3 to 4 days 
Iso synthesis of biotin from oleic acid could be demonstrated 
Oleic acid stimulation in a medium free of one vitamin was obtained 
onl} m the case of biotin No stimulated growth could be obtained with 
either nboflavin-free, pantothenic acid-free, or nicotinic acid-free medium 
Of a number of fatty acids tested, launc, mynstic, and hnoleic were 
found strongly inhibiting to the growth of Lactobacillus casei, whereas 
elaidic acid was more st imula ting than oleic acid 
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STEROIDS PROM BILE ACIDS V 


yield by treatment of the dibromide (II) with silver chromate and chromic 
acid m aqueous acetone This series of reactions provides a route to 
Cn-oxygenated steroids, for the bromoketone (XVI) has been converted to 
a number of Cn-keto and Cu-hydroxy derivatives 



With zmc dust and acetic acid XVI was easily debrominated and a 
compound (V) was obtamed which must be either methyl 3,9-epo\y U 
ketocholanate or methyl 3,9-epoxy-12-ketocholanate Conclusive evi 
dence m favor of the Cu-keto structure was provided by cleavage of the 
epoxy ring 

Some difficulty was at first encountered m this step, for aluminum 
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bromide, zinc chlonde, and acetyl chlonde, hot aqueous mineral acids, 
and similar reagents either caused extensive decomposition or did not open 
the epoxide The cyclic ether was unaffected by the Gngnard reagent, 
and high pressure hydrogenation over Raney’s mckel proceeded no farther 
than reduction of the keto group The use of anhydrous hydrogen bro- 
mide was next investigated and satisfactory results were achieved with 
this reagent at 0° m a nuxture of chloroform and acetic anhydride Some 
acid interchange took place under the conditions employed and the material 
was reesterified with diazomethane before isolation The product ob- 
tained in this way melted at 183 5-185° and was identified as methyl 3(a)- 
acetoxy-ll-keto-12-bromocholanate 1 2 (VII) by direct comparison with an 
authentic sample 3 prepared from methyl 3(a)-acetoxy-A n -choIenate and 
hypobromous acid by the method of Ott and Reichstein (5) 

Reestenfication of the crude reaction mixture with methanohc hydrogen 
chlonde instead of diazomethane resulted in methanolysis of the Cj- 
acetoxy group and gave methyl 3(a)-hydroxy-ll-keto-12-bromocholanate 
(XVIII) This substance was oxidized with chromic acid to methyl 3,11- 
diketo-12-bromocholanate (XIX) Treatment of methyl 3(a)-hydroxy-ll- 
keto-12-bromocholanate (XVIII) with zinc m acetic acid yielded methyl 
3(a)-hydroxy-ll-ketocholanate (XI) which, on hydrolysis, gave 3(a)- 
hydroxy-ll-ketocholamc acid (X) Chromic acid converted X into 3,11- 
diketocholamc acid (XX), from which the methyl ester (XXI) was pre- 
pared Compounds XVIII and XIX were identical with the corresponding 
products made from the sample of methyl 3(a)-acetoxy-ll-hydroxy-12- 
bromocholanate which was prepared according to the synthesis of Ott and 
Reichstein (5) 3 It was further shown that XXI was identical with the 
product descnbed by Lardon and Reichstein (6) and with a sample obtained 
by Long and Gallagher (7) in another senes of reactions In addition, the 
melting points and specific rotations of methyl 3(a)-acetoxy-ll-ketocholan- 
ate (EX) and 3(a)-hydroxy-ll-ketocholamc acid (X) are in close agreement 
with the values for these compounds which have recently been reported 
m the literature (6) 

The separation of methyl 3(a)-acetoxy-ll-keto-12-bromocholanate 
(VII) after treatment of methyl 3,9-epoxy-ll-ketocholanate (V) with 
hydrogen bromide in acetic anhydnde clearly establishes the position of the 
keto group m V The latter compound may be obtained from methyl 
3,9-epoxy-A“-cholenate (I) m yields as high as 75 per cent by reworking 
the mother liquors (conversion to I and rebromination) and the procedure 
is therefore of considerable practical significance 

Although cleavage of the epoxide to a 3-bromo-9-hydroxy compound 

1 The configuration of VII will be discussed in Paper VII of this senes 

* We are indebted to Dr L H Sarett of Merck and Company for this sample 
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is an obvious possibility, it was interesting to note that the product isolated 
in 89 per_cent yield was a derivative of 3 (a) -hydroxy-12-bromocholaruc 
acid 

The mechanism by which the bromme becomes attached at C u is of 
some theoretical interest, and, although ngorous establishment of this 
mechamsm is not possible from our experiments, certain observations may 
be mentioned Heilbron and associates (8) have reported the facile reduc 
tion of the tertiary halogen in 5,7-dibromo-6-ketocholestanyl acetate by 
hydrogen bromide This result suggests the possibility that methyl 3(a)- 
hydroxy-ll-keto-9-bromocholanate may be formed at an intermediate 
stage in the cleavage and that this compound undergoes reduction by 
hydrogen bromide with subsequent rebrommation at Cu Some evidence 
for the first step of such a mechanism was obtamed in a study of the cleav 
age of methyl 3,9-epoxy-ll-keto-12-bromocholnnate (XVI) by hydrogen 
bromide in acetic anhydride When XVI was treated with hydrogen 
bromide, it was found that approximately 25 per cent of the theoretical 
amount of bromme was liberated, and about an equal amount of methyl 
3(a)-acetoxy-ll-keto-12-bromocholannte (VII) was isolated When the 
same experiment was carried out in the presence of hydrogen sulfide, added 
to remove the liberated bromme, the yield of methyl 3(a)-acetoxy-ll- 
keto-12-bromocholanate (VII) was increased to 64 per cent 

The actual existence of a C 3 -bromo derivative as a stable intermediate, 
how ever, is doubtful Although both the C& and C 7 monobromides have 
been obtained by bromination of 6-ketocholestanyl acetate (9), bromination 
of 11-keto denvatives leads exclusively to Cu-substituted products It has 
not been possible to obtain a 9 , 12-dibromo-ll-hetone even in the presence 
of a large excess of bromme, whereas 5,7-dibromo-6-ketocholestanyl acetate 
is formed with comparative ease (8) 

When Cu is unsubstituted, it seems unlikely that the mechanism which 
mvolves an intermediate at Co with reduction by hydrogen bromide to free 
bromine and subsequent bromination at position 12 can play any important 
part, for treatment of methyl 3,9-epoxy-ll-ketocholanate with hydrogen 
bromide and acetic anhydride gave methyl 3 (a)-acetoxy-l l-keto-12 
bromocholanate (VII) m 77 per cent yield, even m the presence of hydrogen 
sulfide 

An alternative mechamsm, consistent with the experimental results, 
mvolves the enol of the 11-ketone This mechamsm is outlined in Fig 2 

When methyl 3(a)-hydroxy-ll-keto-12-bromocholanate (XVIII) was 
allowed to stand with aqueous methanolic potassium hydroxide for several 
hours, a mixture was obtained which, on esterification and chromatographio 
separation, yielded, m addition to unchanged startmg material, consider- 
able amounts of methyl 3,9-epoxy-ll-ketocholanate (V) The formation 
of the epoxide was not anticipated, but it can evidently result from a process 
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which is essentially a reversal of that outlined in Fig 2 Conversion of 
methyl 3(a)-hydroxy-ll-keto-12-bromocholanate (XVIII) into a 3,9- 
epoxy compound is an example of a change in structure which occurs in 
other closely related compounds * When methyl 3(a)-hydroxy-ll-keto- 
12-bromonorcholanate (XXVIII) (Fig 3) was treated with hot aqueous 
potassium hydroxide, a large part of the starting material was converted 
to 3,9-epoxy-ll-ketonorcholamc acid (XXIV) In addition, 3(a) , 12- 
dihydroxy-ll-ketonorcholamc acid (XXIII) was formed Potassium hy- 
droxide in a boiling methanohc solution of XXVIII also yielded 3,9- 
epoxy-ll-ketonorcholamc acid (XXIV) and, in addition, some 3(a)- 




hydroxy-ll-keto-12-methoxynorcholamc acid (XXVI) It is apparent 
that methyl 3,ll-diketo-12-bromocholanate (XXX) (Fig 4) cannot form 
the 3,9-epoxide and on similar treatment the 3,ll-diketo-12-hydroxy 
compound (XXXI) was obtained The position of the hydroxyl group 
in XXXI was established by oxidation to methyl 3,11, 12-tnketonorcholan- 
ate (XXXII), which showed the characteristic spectrum of an a-chhetone 
(4, 11, 12) 

4 la the period during which the present investigation was betng earned out, both 
methyl 3(a) hydroxy 11-ketocholanate and methyl 3,9-epoxy 11 ketocholanate were 
degraded to the corresponding etio acids by tbe method of Hoehn and Mason (10) 
This work made available a large number of intermediate compounds and will be re- 
ported in subsequent communications The choice of the nor ester here is arbitrary 
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Investigation of the cleavage of the epoxide grouping m vanous products 
derived from methyl 3 , 9-epoxy-ll-ketocholanate by degradation of the side 
chain at C n has revealed the interesting fact that when the length of the 
side chain is decreased the oxide ring becomes more resistant to cleavage 
with hydrogen bromide Methyl 3, 9-epoxy-ll-ketocholanate (V), 3,9 
epoxy-1 1-ketobisnorcholanyldiphenylethylene, and methyl 3,9-epoxy 11 
ketonorcholanate react with comparative ease and give the corresponding 
3(a)-acetoxy-12-bromo-l 1-ketones m good yield Methyl 3,9-epoxy-ll- 
ketobisnorcholanate and methyl 3,9-epoxy-ll-ketoetiocholanate, however, 
require more drastic conditions and the mam products are accompanied 
by appreciable amounts of dibromo derivatives Poor yields of umdenti 
fied crystalline products were obtained from 3,9-epoxy-ll,20-pregnanedi 
one and 3,9-epoxy-ll-ketoetiocholanylmethyldiphenylethylene, although 
these cases appear to be complicated by other factors These latter prod 
ucts have not been further investigated 



An improved method for the preparation from desoxycholic acid of the 
essential intermediate methyl 3,9-epoxy-ll,12-dibromocholanate (II) 
will be described in Paper VI From II by the steps described w the 
present paper methyl 3 (a)-hydroxy-l l-keto-12-bromocholanate (XVIII) 
has been prepared m a yield of 81 per cent The yield of XVIII is given, 
since this compound may be used for the degradation of the side chain 

EXPERIMENTAL 5 

All meltmg points were determined on the Fisher- Johns apparatus 
Methyl 3 ,9-Epoxy- A n -cholenale (I ) — See (4) 

Methyl 3 ,9-Epoxy-ll , 19-dzbromocholanaie (II and III ) — See (4) 

s Some of the compounds described in this paper were analyzed in the laboratory of 
Merck and Company, Inc , Rahway, New Jersey, the remainder was analyzed by Mr 
William Saschek in the Department of Biochemistry, Columbia University, New 
York 
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3 , 9-Epoxy -1 1 -kelocholanic Acid ( IV) from V — 1 00 gm of methyl 3,9- 
epoxy-ll-Letocholanate (V) m 50 cc of methanol and 5 cc of 1 n aqueous 
sodium hydroxide were heated under a reflux condenser for 1 hour The 
solution was dduted with water and acidified and the methanol was re- 
moved under reduced pressure The precipitate which formed was 
washed with water and crystallized from acetone-water The product 
(969 mg ) melted at 170-172° Several recrystalhzations raised the 
meltmg pomt to 174-174 5° [a] D = +90° ± 2° (32 5 mg in 3 00 cc of 
chloroform) 

Cj.11,,0, Calculated, C 74 19, H 9 34, found, C 74 18, H 9 52 

Methyl S , 9-Epoxy-l 1 -ketocholanale (7) from XVI — 19 2 gm of methyl 
3 9-epoxy-ll-keto-12-bromocholanate (XVI) were dissolved in 20 cc 
of benzene, 40 cc of acetic acid were added, and the solution was cooled 
to 20° 10 gm of powdered zinc w ere added at such a rate that the temper- 

ature remained below 30° and the mixture was shaken frequently over a 
penod of 45 minutes The zmc was filtered from the solution and the 
filtrate was concentrated under reduced pressure The residue was 
distributed between benzene and water and the orgamc phase was washed 
with water The solvent was removed under reduced pressure and the 
residue crystallized from methanol to give 10 1 gm of material which melted 
at 81-81 5° Addition of water to the mother hquor gave two additional 
crops of crystals which weighed 4 80 gm (m p 81 0-81 5°) and 0 68 gm 
(m p 76-77°) and brought the total yield to 97 per cent [a] D = +88° 
± 2° (27 7 mg in 3 00 cc of chloroform) 

ChHj.O, Calculated, C 74 59, H 9 51, found, C 74 82, H 9 27 

V from XVIII — 2 00 gm of methyl 3(a)-hydroxy-ll-keto-12-bromocho- 
lanate (XVIII) were dissolved in 50 cc of methanol to which 20 cc of 25 
per cent potassium hydroxide were added After the solution had re- 
mained at room temperature overnight, it was diluted with a large volume 
of water, acidified with hydrochloric acid, and extracted with ether The 
organic phase was washed with water, dried with sodium sulfate, concen- 
trated to a small volume, and treated with diazomethane in ether Chro- 
matography of the oily mixture of esters on aluminum oxide gave 424 
mg , eluted with benzene-petroleum ether 50 50 and 60 40 This material, 
when crystallized from methanol, gave a first crop of 250 mg of material 
which melted at 77 5-78 5° When the substance was mixed with methvl 
3,9-epoxy-ll-ketocholanate, the melting pomt was 78-79 6° 

A further fraction eluted with benzene was crystallized from ether- 
petroleum ether and gave 120 mg of material which melted at 144-148° 
Recrystalhzation from the same solvents raised the meltmg pomt to 157 5- 
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158 5° The melting point was not depressed when the product was mixed 
with methyl 3(a)-hydro\y-ll-keto-12-bromocholanate 

8{a)-Acetoxy-ll-leto-12-bromocholanic Acid (77) from XVIII—,] oo 
gm of methyl 3(a)-hydro\y-ll-keto-12-bromocholanate (XVIII) were 
dissolved in 60 cc of acetic acid which was 1 n with hydrogen bromide 
After the solution had remained at room temperature for 6 days, it was 
diluted with water to about 225 cc and the crystals which separated were 
collected and washed with watei The product (3 16 gm ) melted at 266- 
267° After several recrystalhzations fiom chloroform-benzene, needles 
were ob tamed which melted at 274-275° (corrected) (taken with a glass 
disk heated on a metal bar) [a] D = —5° ± 2° (29 8 mg in 4 00 cc 
of chloroform) 

C-jHjjOjBr Calculated C G! 05, II 7 69, Br 15 62 
Found “ 60 97, " 7 69, “ 15 57 

Methyl 8(a)-Aceloxy-ll-Lelo-12-bromocholanale {VII) from V— 2 00 gm 
of methyl 3,9-epoxy-ll-ketocholanate (V) were placed in a pressure 
tube which contained 2 5 cc of dry chloroform and 2 5 cc of acetic anhy 
dride The tube was cooled in an acetone-dry ice bath and 10 gm of 
hydrogen biomide were added The gas condensed to form a dense viscous 
fluid with the contents of the tube After being sealed, the tube was placed 
m an ice bath and remained at 0° for 18 hours The tube was again cooled 
m a dry ice bath and opened The contents of the tube u ere poured on ice 
and chloroform was added The organic phase was washed with water 
until free of acetic acid Diazomethane in ether v as added to restore any 
ester that had been hydrolyzed by the treatment The organic phase was 
washed with dilute acetic acid, with a solution of sodium carbonate and 
with water, and was dned with sodium sulfate The solution was con- 
centrated to a small volume under reduced pressure, and after addition 
of methanol the solution was reduced again to a small volume and cooled 
1 98 gm (76 per cent) of material which melted at 181 5—182 5° were ob- 
tained Aftei four crystallizations from methanol the melting point was 
183 5-185° There was no depression of the melting point when this 
material was mixed with an authentic sample® of methyl 3(a)-aceto\y-ll- 
keto-12-bromocholanate [a] D = +8° ± 2° (30 8 mg m 3 00 cc of 
acetone) 

This compound also has been prepared by Ott and Iteichstem (5) 
These authors reported [a] D = +13° ± 2° It was found that samples 
made in this laboratory by oxidation of the 11,12-bromohydnn also had 
[«]d = +13° ± 2° to +18° ± 2° However, reoxidation and subsequent 
crystallization lowered the value of [a] D to +8° ± 2°, which conforms 

* Prepared by Dr L H Sarett from methyl 3(a)-acetoxy-A"-cholenate according 
to the method of Ott and Reichstein (5) 
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with the value found for VII prepared by cleavage of the 3,9-epoxide 
The hydroxyl group at Cu apparently is not readily oxidized and a small 
amount of the hydroxyl compound would explain the [a] D = +13° 
± 2° previously reported for the bromoketone (5) 

VII from IX — 500 mg of methyl 3(a)-acetoxy-ll-ketocholanate (IX) 
were brominated in 10 cc of acetic acid with 2 0 cc of 1 32 n bromine in 
acetic acid m the presence of 1 0 cc of 4 6 N hydrogen bromide m acetic 
acid After 4 5 hours at room temperature a mixture of ether and chloro- 
form was added and the organic phase was washed with water, dilute sodium 
hydroxide, water, and saturated sodium chloride and filtered through 
sodium sulfate The solution was concentrated to a small volume under 
reduced pressure and diluted with petroleum ether The crystals which 
formed (230 mg ) melted at 182-183° After two recrystal hzations from 
methanol the product melted at 185-185 5° and did not depress the melting 
point of VII prepared from V [a] a = +7° ± 2° (36 3 mg m 3 00 cc 
of acetone) 

VII from XVI — 2 00 gm of methyl 3,9-epoxy-ll-keto-12-bromocho- 
lanate (XVI) m 2 50 cc of chloroform and 2 50 cc of acetic anhydride 
were treated at 0° with 10 0 gm of dry hydrogen bromide for 17 hours 
according to the procedure described under VII from V The solution was 
poured on ice and chloroform was added Titration of aliquot portions of 
the chloroform and aqueous phases indicated the presence of 2 19 milh- 
equivalents of bromine The bromine was removed by washing with a 
solution of potassium iodide and sodium thiosulfate The chloroform was 
washed with water until free of acetic acid and was then treated with a 
solution of diazomethane in ether The organic phase was washed with 
dilute hydrochloric acid and with water and was evaporated to dryness 
The residue was crystallized from methanol to give 610 mg of material 
which melted at 145-150° After three recrystalhzations from methanol 
the material (243 mg ) had a constant melting pomt of 181-182° which 
was about 4° lower than the meltmg pomt of an authentic sample To 
remove traces of halogen-containing compounds other than VII the product 
was treated in 10 cc of acetic acid with 100 mg of silver acetate on the 
steam bath for 1 hour The solution was filtered, the filtrate was diluted 
with water, and the resulting crystals were collected, washed with water, 
and recrystalkzed from methanol 161 mg of material were obtained 
which melted at 182 5-184° and did not depress the meltmg pomt of an 
authentic sample of VII [a] D = +9° ± 2° (31 1 mg m 3 00 cc of 
acetone) 

VII from XVI m Presence of Hydrogen Sulfide — 2 00 gm of methyl 
3,9-epoxy-ll-keto-12-bromocholanate (XVI) were placed in a pressure 
tube to which were added 2 50 cc of chloroform and 2 50 cc of acetic 
anhydride 1 0 gm of hydrogen sulfide and 10 0 gm of hydrogen bromide 
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were condensed in the tube at dry ice temperature and the tube was sealed 
and placed in an ice bath After 17 hours the tube was cooled in a dry ice 
bath and opened The contents were poured on ice Chloroform was 
added and the organic phase was washed with water The aqueous phase 
contained the equivalent of G 2 cc of 1 N hydrogen sulfide The organic 
phase was evaporated to dryness under reduced pressure, and the residue 
was treated with a solution of diazomethane in ether The ether was 
removed under reduced pressure and the residue crystallized from petroleum 
ether to give 2 23 gm of product which melted at 100-148° and had a very 
pungent odor To remove impurities formed from the hydrogen sulfide 
the material was treated in 125 cc of methanol with 1 0 gm of silver 
acetate After 18 hours at room temperature a few drops of saturated 
ammomum sulfate were added to coagulate the silver sulfide which had 
formed, and the solution was filtered The filtrate was evaporated to 
dryness under reduced pressure, the residue was distributed between 
benzene and water, and the benzene solution was washed with water and 
evaporated to dryness The residue was treated with 5 0 cc of pyndine 
and 5 0 cc of acetic anhydride at room temperature After 18 hours the 
solution was seeded and diluted with ice water and the resulting crystals 
were collected and washed with water The crude product was crystallized 
from methanol to give 1 40 gm (61 per cent) of material which melted at 
182-184° After recrystalbzation from methanol the product melted at 
184-185° and did not depress the melting pomt of YII obtained from V 
[«]d = +8° ± 2° (31 3 mg in 3 00 cc of acetone) 

V-II from V in Presence of Hydrogen Sulfide — 2 00 gm of methyl 3,9- 
epoxy-ll-ketocholanate (V) were treated with hydrogen bromide at 0° 
in the presence of chloroform, acetic anhydride, and hydrogen sulfide, as 
described in the preceding paragraph 1 87 gm of material which melted 
at 184—185° and did not depress the melting point of an authentic sample 
of VII were obtained When the residue of the mother liquor was crystal- 
lized from ligrom, an additional 136 mg of material which melted at 
182 5-184° were separated The total yield was 77 per cent [«]d = 
-f 8° ± 2° (30 0 mg m 3 00 cc of acetone) 

VII from XVIII — 4 84 gm of methyl 3(a)-hydro\y-ll-i.eto-12-bromo 
cholanate (XVIII) weie acetylated with 10 cc of pyridine and 10 cc of 
acetic anhydride Aftei 24 hours at room temperature a small amount of 
ice and water was added The crystals which separated (5 23 gm ) melted 
at 183 5-184 5° After several recrystalhzations from methanol a product 
was obtained which melted at 185-185 5° [«] D = +7° ± 2° (36 3 mg m 

3 00 cc of acetone) 

C 27 H u 0 5 Br Calculated C 61 70, H 7 86, Br 15 22 
Found “ 61 40, “ 7 76, “ 15 42 
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S(a)-Acctoxy-l 1 -lelocholanic Acid (VIII) from VI — 1 02 gm of 3(a)- 
acetoxy-ll-keto-12-bromocholamc acid (VI) m 30 cc of acetic acid were 
treated with 1 0 gm of powdered zmc on the steam bath for 20 minutes 
The solution was filtered and evaporated to dryness under reduced pres- 
sure The residue was distributed between benzene and water and the 
benzene phase was washed with water, filtered through sodium sulfate, 
concentrated under reduced pressure, and diluted with hgroin The 
crystals which formed (732 mg ) melted at 227-229° A second crop of 
45 mg which melted at 223-224° was obtained from the filtrate The 
meltmg pomt of the first crop was not raised by repeated recrystallizations 
from benzene-hgrom [a] D = +77° ± 2° (31 4 mg in 600 cc of 
methanol) 

ChH.hO, Calculated, C 72 19, H 9 32, found, C 72 39, H 9 25 

Methyl 3(a)-Acetoxy-l l-l elocholanate (IX) from VII — 526 mg of methyl 
3(a)-acetoxy-ll-keto-12-bromocholanate (VTI) m 10 cc of acetic acid were 
treated with 500 mg of powdered zmc as described under VIII from VI 
The residue was crystallized from acetone-water to give 391 mg of product 
which melted at 132 5-133 5° The filtrate yielded a second crop of 30 
mg which melted at 128-130° A sample purified by reciystallization 
from acetone-water melted at 134-134 5° [a] D = +68° db 2° (34 6 mg m 
3 00 cc of acetone) (6) 

C„H„0, Calculated, C 72 61, H 9 48, found, C 72 88, H 9 22 

3(a)-Hydroxy-l 1 -helocholanic Acid (X) from XI — 2 71 gm of methyl 
3(a)-hydroxy-ll-ketocholanate (XI) were hydrolyzed in 25 cc of methanol 
with 3 0 cc of 5 n aqueous sodium hydroxide The solution was refluxed 
for 30 minutes and was diluted with water The methanol was removed 
under reduced pressure and the solution was acidified with hydrochloric 
acid The precipitate was collected, washed with water, and recrystallized 
from acetone-water to give 2 55 gm of material which melted at 223-224° 
Repeated recrystallizations did not raise the meltmg pomt [a] D = 
+61° ± 2° (31 5 mg m 3 00 cc of methanol) (6) 

C„H,iO, Calculated, C 73 80, H 9 81 , found, C 73 90, H 9 79 

Methyl 3(a)-Hydroxy-ll-helocholanate (XI) from XVIII — 1 84 gm of 
methyl 3(a)-hydroxy-ll-keto-12-bromocholanate (XVIII) were dissolved 
in 25 cc of acetic acid, the solution was cooled to 20°, and 2 5 gm of pow- 
dered zmc were added m small portions The temperature w as maintained 
below 25° to avoid acetylation of the Ci-hydro\yl group After 30 minutes 
the solution was filtered, the filtrate was concentrated to dryness under 
reduced pressure, and the residue was distributed between benzene and 
water The organic phase was washed with water The bromide ion in 
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the aqueous phase was 97 per cent of the theoretical amount The benzene 
solution was evaporated to a small volume and diluted with petroleum 
ether The crystals which formed (3 60 gm ) melted at 101 5-102 5° A 
second ciop of 1 10 mg which melted at 100-101° was obtained Recrystal 
hzation fiom ether-petroleum ether raised the melting point to 102 5-103° 
[a] D = +62° ± 2° (30 6 mg m 3 00 cc of methanol) 

Ca&ltioOj Calculated, C 7121, HO 97, found, C 73 99, H 9 84 

8(a ) , 1 1 -Dihydroxycholamc Acid (XII) from X — 390 mg of 3 (a) -hydroxy 
11-ketocholanic acid (X) were reduced with hydrogen in 15 cc of acetic 
acid in the piesence of 50 mg of platinum oxide After 11 5 hours 098 
molar equivalents of hydrogen had been absorbed The platinum was 
filteied from solution and the solvent was removed under reduced pressure 
The residue was dissolved in 20 cc of methanol, 5 cc of 5 N aqueous sodium 
hydroxide were added, and the solution was heated on the steam bath for a 
short time The methanol was removed undei reduced pressure, the 
residue was dissolved in water, and the solution was acidified with acetic 
acid The resulting precipitate was filtered from solution, washed with 
water, dried, and recrystalhzed from benzene The product (203 mg) 
melted at 191-196° Aftei several recrystalhzations the melting point 
was raised to 199 5-200 5° [«] D = +55° ± 2° (30 0 mg in 3 00 cc 

of methanol) 

C ,H,oO, Calculated, C 73 43, II 10 27, found, C 73 37, H 10 11 

Methyl 8(a) ,11-Dihydroxycholanalc (XIII) from XII — 392 mg of 
3(a)’,ll-dihydroxycholamc acid (XII) were esterified with diazometbane 
m ether The ester failed to crystallize from dilute methanol or acetone or 
from mLxtures of petroleum ether and other solvents Chromatographic 
separation on aluminum oxide yielded fractions with benzene and petroleum 
ether 3 1 and benzene alone All of these fractions failed to crystallize 
A granular product which separated from a benzene solution of the 
chromatographed ester, after addition of petroleum ether, was not visibly 
crystalline The material melted at 99-101° [a] D = +49° ± 2° (30 1 
mg in 3 00 cc of acetone) 

CjsHuO, Calculated, C 73 S4, H 10 41 , found, C 73 87, H 10 4S 
Methyl S ,9-Epoxy-l l-acetoxy-12-bromocholanale (XIV) from II — See (4) 
XIV from XT — 400 mg of methyl 3 , 9 -epoxy-ll-hydroxyT 2 -bromo- 
cholanate (XV) were dissolved in a mixture of 2 cc of benzene and 10 cc 
of 0 2 n sulfuric acid (13) m acetic acid 3 cc of acetic anhydride were 
added slowly while the solution was cooled After the mixture had stood 
at room temperature for 18 hours, ice water was added and the solution was 
extracted with benzene The benzene solution was washed with water, 
with sodium carbonate solution, and with water and evaporated to dryness 
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under reduced pressure The residue crystallized from acetone-water to 
give 334 mg of material which melted at 131-132° After recrystalhzation 
from acetone-water the product melted at 133 5-134 5° and did not depress 
the melting point of methyl 3,9-epoxy-ll-acetoxy-12-bromocholanate (4) 
Md = +16° =fc 2° (30 1 mg in 3 00 cc of chloroform) A sample of 
methyl 3,9-epoxy-ll-hydroxy-12-bromocholanate (XV) was recovered 
unchanged in a yield of 76 per cent after treatment at room temperature for 
23 hours with acetic anhydride and pyridine 

Methyl S ,9-Epoxy-l 1 -hydroxy-1 2-bromocholanate (XV) from II (a) 
With Silver Oxide — 1 09 gm of methyl 3,9-epoxy-ll , 12-dibromocholanate 
(II) (4), 80 cc of acetone, 20 cc of water, 1 39 gm of silver oxide, and 10 
gm of glass beads were shaken in a glass-stoppered bottle for 30 minutes 
The solution was filtered, concentrated to about 15 cc , and distributed 
between water and benzene The orgamc phase was washed with water, 
dried with sodium sulfate, and concentrated to a small volume After 
addition of petroleum ether, crystals separated (543 mg ) which melted at 
184 5-185 5° [a] D = +58° ± 2° (30 5 mg in 3 00 cc of chloroform) 

CisHitOjBr Calculated, C 62 10, H 8 13, found, C 62 36, H 8 24 

(6) With Silver Carbonate — 16 4 gm of methyl 3,9-epoxy-ll ,12-di- 
bromocholanate (II) (4),240cc of acetone, 10 cc of water, 4 56 gm of silver 
carbonate, and 20 gm of glass beads in a glass-stoppered flask were shaken 
for 3 hours The solution was filtered and evaporated to dryness under 
reduced pressure The residue crystallized from benzene petroleum ether 
to give 7 56 gm of product which melted at 182 5-184° After several 
recrystallizations from benzene-petroleum ether the melting pomt was 
raised to 186-187° Admixture with a sample prepared as under (a) did 
not depress the melting pomt [a] D = +58° ± 2° (31 8 mg in 3 00 cc of 
chloroform) 

Methyl 3 , 9-Epoxy-l 1 -keto-1 2-bromocholanate (XVI) from II — 87 6 gm 
of methyl 3, 9-epoxy-ll, 12-dibromocholanate (II) (m p 1415-143°) (4) 
were suspended in 2100 cc of acetone contained in a flask which was placed 
in a water bath at about 25° 40 gm of silver chromate and a solution of 

31 gm of chromic acid m 200 cc of water were added and the solution was 
stirred mechanically for 2 hours A large amount of heat was produced 
but the temperature within the flask was maintained at approximately 
25-28° After 2 hours all crystals of the starting material had disappeared 
from suspension With continued mechanical stirring 77 cc of 5 N sulfuric 
acid were added and after 30 minutes the solution was filtered and con- 
centrated under reduced pressure The first crop of crystals which sepa- 
rated weighed 48 4 gm and melted at 114-115° The second crop, ob- 
tained after further concentration of the filtrate, weight'd 23 9 gm and 
melted at 112-114° The total yield was 94 per cent of the theoretical 
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amount A sample purified by recrystallization from acetone-water melted 
at 114 5-115° [«]„ = -36° ± 2° (30 0 mg in 3 00 cc of chloroform) 

CjslIuChBr Calculated C 62 36, II 7 71, Br 16 6 
I'ound “ 62 16, “ 7 82, “ 16 1 

XVI from V — ‘103 mg of methyl 3,9-epoxy-ll-ketocholanate (V) were 
brominated m 20 cc of 0 1 N hydrogen bromide m acetic acid with 2 5 cc 
of 1 0 n bromine in acetic acid After 19 hours water was added and the 
crystals which separated were washed with water and recrystalhzed from 
acetone- water The product (81 per cent of the theoretical amount) 
melted at 112-113° and after crystallization from acetone-water the melting 
point was 114-115° The melting point was not depressed when the 
product was mixed with an authentic sample of XVI 
XVI from XV — ‘184 mg of methyl 3,9-epo\y-ll-hydro\y-12 bromo- 
cholanate (XV) were oxidized m a mixture of 5 cc of chloroform and 20 
cc of acetic acid with 3 30 cc of 1 82 n chromic acid m 95 per cent acetic 
acid After 2 hours at room temperature the solution was diluted with 
water and extracted with chloroform The chloroform solution was 
washed with water and concentrated to dryness under reduced pressure 
The residue was crystallized from acetone-water to give 348 mg of material 
which melted at 115-110° and did not depress the melting point of XVI 
obtained from II Addition of water to the filtrate yielded a second crop 
of crystals (62 mg ) which melted at 114-115° and raised the total yield to 
85 per cent [a] D = —36° 2° (30 G mg in 3 00 cc of chloroform) 

3(a)-Hydroxy-ll-kelo-12-bromocholamc Acid (XVII) from XVIII — 184 
mg of methyl 3(a)-hydroxy-ll-keto-12-bromocholanate (XVIII) were 
dissolved m 20 cc of methanol to winch were added 1 0 cc of water and 
1 20 cc of 1 25 n methanolic sodium hydroxide After the solution had 
stood at room temperature for 16 hours, it was diluted with water to tur- 
bidity Crystals formed, indicating that hydrolysis of the ester was not 
complete The mixture was heated on the steam bath until the crystals 
dissolved (45 minutes) Then the solution was diluted with water and the 
methanol was removed under reduced pressure The solution was acidified 
with sulfuric acid and the precipitate was filtered from solution The 
filtrate contained 10 5 per cent of the theoretical amount of bromide ion 
The precipitated acid was recrystalhzed from acetone-water to give 3S0 mg 
of material which melted at 177-178° (with decomposition) After two 
recrystalhzations from acetone-benzene and one crystallization from 
methanol-water a product was obtained which melted at 189-190° (with 
effervescence) [a] D = — 5° ± 2° (29 5 mg in 3 00 cc of methanol) 

C- 1 Hj 7 0<Br Calculated, C 61 40, H 7 95, found, C 61 06, H 8 09 

Methyl S(a)-Hydroxy-ll-keto-12-bromocholanate (XVIII) from V— 200 
gm of methyl 3,9-epoxy-ll-ketocholanate (V), 25 cc of chloroform, and 
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25 cc of acetic anhydride were placed in a pressure bottle which was cooled 
in a dry ice-acetone bath 100 gm of diy hydrogen bromide were added, 
and the bottle was sealed and placed in an ice bath After 16 hours the 
bottle was cooled in a dry ice bath, opened, and the contents were poured 
on ice Chloroform was added and the organic phase was washed with 
water and concentrated under reduced pressure to about 125 cc 250 cc 
of methanol and 40 cc of 2 0 n methanohc hydrogen chloride were added 
to the solution After 20 hours at room temperature the solution was 
concentrated under reduced pressure and benzene was added The benzene 
solution was washed with water, with sodium carbonate solution, and with 
water, and was filtered through sodium sulfate After concentration under 
reduced pressure to about 75 cc , ligrorn was added The crystals which 
formed (18 3 gm ) melted at 157 5-158° From the filtrate two additional 
crops of 2 32 gm and 0 12 gm , which melted at 156-157° and 155-156° 
respectively, were obtained The yield was 86 per cent The mother 
liquor was retreated with hydrogen bromide as descnbed and 0 71 gm 
of material which melted at 154-155° was obtained This raised the total 
yield to 89 per cent Several recrystalhzations of the first crop from ben- 
zene-hgrom did not alter the meltmg pomt The melting pomt was not 
depressed when the product was mixed with a sample of methyl 3 (a) -hy- 
droxy-1 l-keto-12-bromocholanate, [a] D = —5° ± 2° (23 7 mg in 3 00 cc 
of methanol), which was made from methyl 3 (a)-acetoxy-l l-keto-12- 
bromocholanate descnbed in the second paragraph of section VII from V 
[c*]d = —5° ± 2° (30 8 mg m 3 00 cc of methanol) 

C JS H„0,Br Calculated C 62 10, H 8 13, Br 16 63 

Found “ 61 85, “ 8 28, “ 16 51 

Methyl 3 ,11-Diketo-lS-bromocholanale (XIX) from XVIIF — 150 mg 
of methyl 3(a)-hydroxy-ll-keto-12-bromocholanate (XVIII) were oxidized 
in 15 5 cc of acetic acid with 0 50 cc of 1 88 n chromic acid m 95 per cent 
acetic acid at room temperature After 1 hour the solution was diluted 
with water and the resulting precipitate was collected and washed with 
water After crystallization from methanol-water 122 mg of matenal 
which melted at 160-163° were obtained After three further recrystalhza- 
tions the product melted at 161-163° [a I d = —20° ± 2° (30 1 mg in 3 00 
cc of acetone) 

CiiHuOjBr Calculated C 62 02, H 7 51, Br 16 54 

Found “ 62 36, “ 7 75, “ 16 60 

A sample of methyl 3(a)-hydroxy-ll-keto-12-bromocholanate derived 
from methyl 3(a)-acetoxy-ll-hydroxy-12-bromocholanate (5) 5 prepared 

7 prepared by Dr G A Fleisher 

1 Wo are indebted to Dr L H Sarett for this sample 
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as described under VII from V was oxidized to the 3,11-diketone 7 The 
product melted at 161-163° and did not depress the melting point of the 
sample described m the preceding paragraph [a] D = — 18° ± 2° (304 
mg in 3 00 cc of acetone) 

8 ,11-DiLctocholamc Acid {XX) from X — 195 gm of 3(a)-hydro\y 11 
ketocholamc acid (X) were oxidized at room temperature m 10 cc of 
chloroform and 40 cc of acetic acid with 8 1 cc of 1 85 n chromic acid in 
95 per cent acetic acid After 2 hours benzene was added and the organic 
phase was washed with water until free from acetic acid The solvent was 
removed under reduced pressure and the residue was crystallized from 
acetone-watei to give 1 51 gm of material which melted at 173 5-1755° 
After several recrystallizations from acetone-water the melting point was 
176-177° [«] D = +63° db 2° (28 6 mg in 3 00 cc of acetone) 

C 14 H„Ch Calculated, C 74 19, H 9 3-4, found, C 7-4 00, H 9 15 

Methyl 3 ,11-Dihelocholanate [XXI) from XX — 498 mg of 3,11-dihettf 
cholamc acid (XX) were estenfied with a solution of diazomethane in ether 
and the ester was crystallized from petroleum ether After several re- 
crystallizations fiom petroleum ether the ester melted at 85-86° The 
melting point was not depressed when the product was mixed with a sample 
of XXI, kindly furnished by Dr T F Gallagher (7) [a] D = +61° ± 1° 
(40 0 mg m 4 cc of acetone) (Q) 

CjJIuO* Calculated, C 74 58, H 9 51, found, C 74 75, H 9 74 

Methyl 3{a)-Aceloxy-ll-hydroxycholanate { XXII ) from XIII — 100 mg 
of methyl 3(a) , ll-dihydro\ycholanate (XIII) were dissolved m 0 60 cc 
of pyridine and acetylated with 0 50 cc of acetic anhydride at 70° After 
1 hour ether and water were added, the ether solution was washed with 
dilute hydrochloric acid and with water, and the solvent was dned with 
sodium sulfate and evaporated The residue was crystallized from a small 
volume of ether-petroleum ether 78 mg which melted at 144-147° were 
obtained After recrystallization in the same maimer the melting point 
was 147-148° [a] D = +69° ± 2° (30 1 mg in 3 00 cc of acetone (5, 6)) 

8{a ) , 1 2-Dihydroxy-l 1 -Letonor cholamc Acid {XXIII) from XXVIII— 
4 20 gm of methyl 3(a)-hydroxy-ll-heto-12-bromonorcholnnate (XXVIII) 
were added to 100 cc of 10 per cent aqueous potassium hydroxide and the 
suspension was heated under a reflux condenser for 2 hours The mixture 
was acidified with hydrochloric acid and extracted with ether The ether 
solution was washed with water until neutral to litmus, filtered through 
sodium sulfate, and concentrated to a small volume The residue was 
dissolved m benzene and the solution was concentrated 880 mg o 
crystals which melted at 222-225° were obtamed and a second crop (106 
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mg ) which melted at 201-210° formed in the mother liquor (Additional 
material was obtamed from the mother hquor, see XXIV from XXVIII ) 
The analytic sample was recrystallized from ethyl acetate-hgrom When 
heated slowly, the crystals melted at 214-216°, on rapid heating the melting 
pomt was 226-228° [a Jr, = +61° ± 2° (30 0 mg in 3 00 cc of methanol) 

Cj,H„O t Calculated, C 70 37, H 9 25, found, C 70 41, H 9 36 

3 , 9-Epoxy-l 1 -ketonorcholanic And ( XXIV) from, XXVIII in Aqueous 
Allah — The filtrate of XXIII from XXVIII yielded two additional crops 
of crystals which weighed 760 mg (m p 110-115°) and 819 mg (m p 
112-130°) The two crops were combined and recrystallized, first from 
benzene and then from chloroform-petroleum ether The recrystalhzed 
material melted at 158-160° and did not depress the melting point of 3,9- 
epoxy-ll-ketonorcholamc acid 

XXIV from, XXVIII m Melhanolic Alkali — The 0 84 gm of material 
described under XXVI from XXVIII melted at 120-130° After re- 
crystalhzation from benzene and then from chloroform-petroleum ether a 
product was obtamed which melted at 160-161° and did not depress the 
melting pomt of 3,9-epoxy-ll-ketonorcholamc acid 

Methyl S ,9-Epoxy-ll-ketonorcholanate ( XXV) from XXIV — A portion 
of the acid described in XXIV from XXVIII in aqueous alkali was estenfied 
with diazomethane, the ester, crystallized from methanol, melted at 122- 
123° and did not depress the melting pomt of methyl 3 , 9-epoxy-l 1-ketonor- 
cholanate The preparation of XXIV from methyl 3, 9-epoxy-l 1-keto- 
12 bromocholanate through oxidation of the diphenyl ethylene derivative 
will be described in a later paper 

3{a)-Hydroxy-ll -keta-12-melhoxynorcholanic And {XXVI) from 
XXVIII — 3 00 gm of methyl 3(a)-hydroxy-ll-keto-12-bromonorcholanate 
(XXVIII) were dissolved in 80 cc of methanol which contained 5 cc of 50 
per cent aqueous potassium hydroxide and the solution was refluxed for 
2 5 hours The solution was cooled, diluted with water, and extracted 
with ether The aqueous phase was acidified with dilute hydrochloric acid 
and extracted with ether The ether layer was washed with water, filtered 
through sodium sulfate, concentrated to about 30 cc , and diluted with 
petroleum ether 1 40 gm of crystals which melted at 220-230° were 
separated (Evaporation of the mother hquor and crystallization of the 
residue from chloroform-petroleum ether gave 0 84 gm of material This 
product is described under XXTV from XXVIII in methanokc alkali ) 
After recrystalhzation from methanol-water 690 mg of material which 
melted at 245-246° were obtamed [a] D = +80° ± 2° (28 1 mg m 3 00 
cc of methanol) 

ChH„ 0, Calculated, C 70 90, H 9 42, found, C 70 70, H 9 37 



362 


STEROIDS FROM BILE ACIDS V 


8(a) ,12-Diacetoxy-l 1-hclonorcholanic Acid (XXVII) from XXIII— Ml 
mg of 3(a) , 12-dihydroxy-ll-ketonorchoIanic acid (XXIII) were dissolved 
In 3 cc of pyridine and 3 cc of acetic anhydride After the solution had 
stood overnight at room temperature, ice was added, and the mixture was 
taken up in ether-chloroform and washed with water, with dilute hydro- 
chloric acid, and then with water The organic phase was filtered through 
sodium sulfate, concentrated to a small volume, and diluted with petroleum 
ether 613 mg of crystals which melted at 237-238 5° were obtained 
After several recrystallizations from chloroform-petroleum ether the melt- 
ing point was constant at 212 5-243 5° [a] D = +124° ± 2° (260 mg 
in 3 00 cc of chloroform) 

Ci 7 H«0 7 Calculated, C 08 04, H 8 4G, found, C 08 00, H 8 26 

Methyl 3(a)-IIydroxy-l l-Lclo-12-bromonorcholanate ( XXVIII ) — This was 
obtained from the 3,9-epo\y-ll-ketocholamc acid derivative by degrada- 
tion of the side chain and subsequent cleavage of the 3,9-epoxide with 
hydrogen bromide Preparation of this compound will be desenbed in 
a latei paper 

3 (a)-Acctoxy-l 1 -kcto-1 2-methoxynorcholanic Acid (XXIX) from XXV I— 
332 mg of 3(a)-hydro\y-ll-keto-12-methoxynorcholamc acid (XXVI) 
were dissolved in 3 cc of pyridine and 3 cc of acetic anhydride After 
the solution had remained overnight, ice and a mixture of ether and chloro- 
form were added and the organic phase was washed with water, dilute 
hydrochloric acid, and water and filtered through sodium sulfate The 
filtrate was concentrated to a small volume under reduced pressure and 
diluted with petroleum ether The crystals which formed (185 mg) 
melted at 232-235° Several recrystallizations from chloroform-petroleum 
ether raised the melting point to 240-240 5° [a] D = +93° ± 2° (24 6 
mg in 3 00 cc of chloroform) 

Cj»H t oO, Calculated, C 69 01, H 8 99, found, C 69 37, H 8 76 

Methyl 3 ,11 -Diketo-1 2-bromonorcholanale (XXX) from XXVIII 1000 
gm of methyl 3(a)-hydroxy-ll-keto-12-bromonorcholanate (XXVIII) in 
30 cc of acetic acid were oxidized with 25 cc of 2 04 n chromic acid in 95 
per cent acetic acid After 3 hours at room temperature water was added 
and the resulting mixture was extracted with chloroform-ether The 
orgamc phase was washed with water, dilute sodium hydroxide, water, and 
saturated sodium chloride solution and was dried with sodium sulfate 
After concentration to a small volume addition of petroleum ether caused 
separation of crystals The first crop melted at 160-161 5° and weighed 
7 47 gm 560 mg which separated from the mother liquor melted at 
158-161° The analytic sample was prepared by crystallization several 
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times from chloroform-petroleum ether M p 161-162 5° [a] D = —29° 
± 2° (31 8 mg m 3 00 cc of chloroform) 

CjiHjiOjBr Calculated C 61 66, H 7 55, Br 17 10 
Found “ 61 36, “ 7 54, • 17 5i 

Methyl 3 , 1 1 -Ddeta-1 2-hydroxy norcholanate ( XXXI) from XXX — 7 46 
gm of methyl 3,ll-diketo-12-bromonorcholanate (XXX) were dissolved 
m 50 cc of dioxane, 100 cc of 0 5 n aqueous sodium hydroxide were added, 
and the mixture was heated on the steam bath for 3 hours The solution 
was cooled and extracted with ether The aqueous phase was acidified 
with dilute hydrochloric acid and extracted with ether The ether solution 
was washed with water and treated with a solution of diazomethane in 
ether The excess dinzomethane was removed on the steam bath, chloro- 
form was added, and the solution was washed with dilute sodium hydroxide, 
water, and saturated salt solution and filtered through sodium sulfate 
When the filtrate was concentrated and diluted with petroleum ether, 4 37 
gm of ciystals which melted at 195-198° were obtained After several 
recrystalhzations from chloroform-petroleum ether the meltmg pomt was 
raised to 200-201 5° [a ] D = +68° ± 2° (30 8 mg in 300 cc of 
chloroform) 

CnHj.Oj Calculated, C 71 25, H 8 97, found, C 71 01, H 9 12 

Methyl 3,11 ,12-Tnhetonorcholanale {XXXII) from XXXI— 1 50 gm 
of methyl 3,ll-diketo-12-hydroxynorcholanate (XXXI) were oxidized in 
30 cc of punfied acetic acid and 10 cc of alcohol-free chloroform with 5 00 
cc of 1 98 n chromic acid m 95 per cent acetic acid The solution was 
cooled in an ice bath before addition of the chromic acid and remained at 
5° overnight Water and ether were added and the organic phase was 
washed well with water and then with dilute sodium hydroxide (See 
XXXIII from XXXI for treatment of the alkaline extract ) The neutral 
phase, after the alkaline extraction, was washed with water and with 
saturated salt solution and filtered through sodium sulfate The solvent 
was removed under reduced pressure and the residue was crystallized from 
ether-petroleum ether to give 892 mg of material which melted at 148-151° 
Recrystallization of the product from ether-petroleum ether raised the 
meltmg pomt to 152-154° The punfied material gave a negative enol 
test with feme chlonde [a] D = +117° ± 6° (10 4 mg m 3 00 cc of 
chloroform) The absorption spectrum m 95 per cent ethanol showed 
maxima at 282 m/i (log e = 2 22) and at 355 mu (log c = 1 74) 

ChHhO, Calculated, C 71 61, H 8 51, found, C 71 68, H S 21 

Tnmelhyl S-Keto-1 1\\1 2-norcholanate ( XXXIII ) from XXXI — The al- 
kaline extracts of the organic phase desenbed under XXXII from XXXI 



364 


STEROIDS FROM RILE ACIDS V 


'were combined, acidified with dilute hydrochloric acid, and extracted with 
ether The ether solution was washed with water, filtered through sodium 
sulfate, and concentrated to dryness under reduced pressure The oily 
residue (332 mg ) was esterified with diazomethnne in ether, the excess 
diazomethane was removed on the steam bath, and the solution was washed 
with dilute sodium hydroxide and water and filtered through sodium sul 
fate When the filtrate was concentrated and diluted with petroleum ether, 
crystals formed After recrystallization from ether-petroleum ether the 
product melted at 141-141 5° [a] D = +37° ± 2° (28 1 mg in 3 00 cc 
of chloroform) 

CmH'oO, Calculated C 67 21, H 8 08 
Found “ 67 61, “8 51 

" 67 36, " 8 43 


SUMMARY 

A method is described for the conversion of methyl 3,9-epoxy-ll,12- 
dibromocholanate into 3(a)-hydroxy-ll-ketocholamc acid Silver oxide 
converts methyl 3,9-epo\y-ll,12-dtbromocholanate (mp 143°) into the 
ll-hydroxy-12-bromo derivative which can be oxidized to a bromoketone 
Debromination with zinc in acetic acid yields methyl 3,9-epoxy-ll-keto- 
cholanate The 3,9-cyclic ether in the compound last mentioned is rup- 
tured by treatment at 0° with a high concentration of hydrogen bromide m 
acetic anhydride and chloroform to give methyl 3(a)-acetoxy-ll-keto-12- 
bromocholanate, which in turn can be debrormnated with zinc and hydro- 
lyzed with alkali to yield 3(a)-hydro\y-ll-ketocholamc acid The follow- 
ing derivatives have been prepared 3(a)-acetoxy-ll-ketocholamc acid 
and methyl ester, 3 (a) -hydroxy-1 l-keto-12-bromocliolamc acid and methyl 
ester, methyl 3,ll-diketo-12-bromoeholanate, 3,11-diketochoIamc acid 
and methyl ester, 3(a),ll-dihydro\ycholamc acid and methyl ester, and 
methyl 3(a)-acetoxy-ll-hydroxycholanate 

Methyl 3(«)-hydro\y-ll-keto-12-bromochoIanate in aqueous metbanoho 
potassium hydroxide lost hydrogen bromide and was converted m part 
into 3,9-epoxy-ll-ketocholaruc acid by a rearrangement which was es- 
sentially the reverse of the process by which the 3,9-cychc ether was rup- 
tured through addition of hydrogen bromide 

Methyl 3(a)-hydroxy-ll-keto-12-bromonorcholanate, when treated with 
aqueous potassium hydroxide, gave a mixture from which 3 ,9-epoxy-ll* 
ketonorcholame acid and 3 (a), 12 -dihydro\y-ll-ketonorcholamc acid were 
isolated Methyl 3(a)-hydroxy-ll-keto-12-bromonorcholanate in meth- 
anolic potassium hydroxide yielded the 3,9-epoxy derivative and 3(a)* 
hydroxy-ll-keto-12-methoxynorcholamc acid 

Methyl 3,11 -diketo- 12 - bromonorcholanate with sodium hydroxide 
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yielded the 3,ll-diketo-12-hydroxy derivative which was oxidized to the 
3,11,12-tnketo compound and a 3-ketotncarboxyhc acid following rupture 
of Ring C 

The conditions and various factors which influence cleavage of the 
3,9-epoxy structure are given and a probable mechanism of reaction to 
explain attachment of bromine at Gn and not Cs as a result of the rupture 
of the cychc ether is discussed 
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ON THE MECHANISM OF THE ANAEROBIC SYNTHESIS 
OF ACETYLCHOLINE* 

By M A LEPTON and E S GUZMAN BAKRON 
(From the Chemical Division, Department of Medicine, University of Chicago, Chicago ) 

(Received for publication, August 12, 1946) 

A recent review by Feldberg (1) summarizes the results of other workers 
dealing with the synthesis of acetylcholine in vitro It is known that 
acetylcholine can be synthesized by respiring bram tissue m oxygen in 
the presence of glucose, lactate, or pyruvate (2-4) or by homogenized 
bram or bram extracts anaerobically m the presence of added adenosine 
triphosphate (ATP) (5, 6) The synthesis is accelerated by K + and in- 
hibited by Ca ++ (7) The enzyme system appears to require active sulf- 
hydryl groups because air, lodoacetate, iodine, cystme, and Cu ++ inhibit, 
while cysteine (7) augments the activity of preparations which have been 
partially inactivated by dialysis ATP is specific for the synthesis, since 
neither adenosine diphosphate nor inosine triphosphate could be substituted 
for ATP (6) The need for a coenzyme in the reaction has also been 
suggested recently (8, 9) 

The requirement for choline in the synthesis of acetylcholine is well 
established (3, 5) The source of the acetyl group is as yet unknown 
Acetic acid has no effect on the synthesis of acetylcholine either aerobically 
or anaerobically (1, 2, 5, 6) Pyruvate was suggested as an aerobic source 
by.Quastel and his associates (2, 3) and by Baer (10) who synthesized 
acetylcholine non-enzymatically Acetoacetate was suggested as an 
anaerobic source by Stedman and Stedman (11, 12) Citrate, glutamate, 
and cysteine have been shown by Nae hma nsohn and John to activate the 
synthesis of acetylcholine (7), while a-keto acids inhibit it, but the mecha- 
nisms of the activation and inhibition have not been described 

In this paper data are presented to show that a completely soluble enzyme 
system which synthesizes acetylcholine can be extracted from mammalian 
bram preparations With this enzyme system, the following components 
are required for the synthesis of acetylcholine choline, ATP, a substance 
able to provide active acetate which may be either citrate, cis acomtate, or 
acetoacetate, and a thermostable coenzyme of as yet unknown composition 
present m boiled yeast or animal tissue extracts 

* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and De- 
velopment and the University of Chicago 
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EXPERIMENTAL 

Preparations — The enzymes employed in this study were prepared 
from guinea pig, rabbit, and dog brains The smaller brams yield more 
active enzymes, but the largei are more convenient No qualitative 
differences ha\ e been noted In early studies, bram homogenates similar 
to those employed by Nachmansohn and Machado (5) were used These 
were prepared by homogenizing whole guinea pig brams m 4 volumes of 
of ice-cold frog-Ringer-phosphate solution in the glass homogemzer of 
Potter and Elvehjem (13) 

In the later series, acetone powders of rabbit or dog brain were used 
They were prepared in a mannei similar to that described by Nachmansohn 
and John (7) Extracts were prepared by grinding the powder m a mortar 
with an appropriate volume of cold calcium-free frog-Ringer-phosphate 
solution The suspension was then centrifuged in the cold room at 2500 
r p M for 15 to 20 minutes, yielding a cloudy supernatant fluid which was 
used m most of these experiments 

The substrates employed in these experiments were available commer- 
cially or were prepared m this laboratory 

Boiled extracts were prepared from kidney, bram, or brewers’ yeast 
by grinding them m water, and then placmg them in a water bath at 80° 
for 10 minutes The juice was qbtained by filtering or centrifuging the 
boiled material The yeast juice was neutralized with sodium hydroxide 
before use Because of its ease of preparation it was used in preference 
to the animal tissue extracts m most of these experiments 

Since previous workers (6, 7) have shown inactivation of the enzyme 
by oxygen and by low' concentrations of copper, and reactivation by cysteine 
and reduced glutathione, precautions were taken to msure active prep- 
arations The enzyme extracts w'ere dialyzed anaerobically against 
200 volumes of 10~ 3 m cysteine in oxygen-free water The dialysis time 
varied from 2 to 18 hours as indicated, and was carried out m the cold 
room in a rocking dialysis unit 

Acetylcholine was assayed with the esermized frog lectus muscle by a 
modification of the method of Chang and Gaddum (14) previously de- 
scribed (15) The frog-Ringer’s solution contained 0 115 M NaCl, 0 0027 
M KC1, 0 00135 m CaCh, and 0 0025 m NaHC0 3 It was esermized 
with 3 0 mg of eserrne sulfate per 100 cc Since the synthesis of acetylcho- 
line requires high concentrations of potassium, and the frog muscle responds 
to lugh potassium concentrations with an increased sensitivity to acetylcho- 
line or with contracture, preliminary experiments were performed to 
determine the highest concentration of potassium which did not interfere 
with the response to acetylcholine This was found to be 0 008 m Pre- 
cautions were therefore taken m the choice of ahquot to msure that not 
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more than 0 006 M potassium was present m the final assay solution With 
enzyme solutions inactivated by dialysis the degree of synthesis was some- 
times so low that aliquots which furnished the maximum tolerated concen- 
trations of potassium contained insufficient acetylcholine to permit a 
measurable response with the frog muscle Such preparations are re- 
corded as synthesizing no acetylcholine, although it is possible that some 
slight synthesis actually occurred 

A calibration curve with acetylcholine bromide (Merck) was established 
with each muscle before the assays Points on this curve were rechecked 
at frequent intervals during the assay of the experimental samples Re- 
sults are expressed as micrograms of acetylcholine bromide, since this 
was the compound used in calibrating the muscle 

Free acetylcholine was determined on untreated aliquots of the syn- 
thesizing system Total acetylcholine was determined by acidifying 


Table I 

Basic Constituents for Anaerobic Synthesis of Acetylcholine 


Constituents 

Volume 

Final concentration 


cc 

J t 

NaF and substrates 

0 1 

0 02 

Esenne sulfate 

0 1 

0 002 

Choline 

0 1 

0 005 

KC1 

0 1 

0 03 

ATP 

0 02 

0 003 

Boiled juice 

Ca free Ringer’s phosphate to make 3 5 cc 

0 3 (75 mg per 
cc ) 



the sample to pH 4 0, boiling for 2 minutes, cooling, and then neutralizing 
before the assay 

All of the experiments reported m this paper were carried out anaero- 
bically m Thunberg tubes which were incubated at 37° for 1 hour Unless 
otherwise specified, the total volume was 3 5 cc and the final concentrations 
of the various constituents required for the study of the mechanism of 
synthesis were as given m Table I 

2 0 cc of the extract of homogenized bram (400 mg of fresh tissue) 
and 1 0 cc of the extract of the acetone powder (50 or 100 mg ) were used 
m these experiments 


Results 

Brain Homogenates — With bram homogenates, and with extracts derived 
from them, the observations of previous workers (5-7) were confirmed on 
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several points These were (1) that K + increased the synthesis of acet- 
ylcholine in the test system, (2) that Ca ++ depressed the synthesis, (3) 
that an optimum concentration of 0 003 m ATP was required, and (4) 
that the enzyme could be inactivated by dialysis and that part of the 
activity could be restored by the addition of citrate or d {— )-glutamate 
Our observations differed from those of Nachmansohn and John (7) 
m showing that citrate was moie effective than glutamate in restoring 
the activity of dialyzed preparations (Table II) 

Acetone Powders, Solubility of Enzyme Synthesizing Acetylcholine — With 
brain acetone powder preparations, it is possible to extract with calcium- 
free frog-Ringer-phosphate solution, an enzyme system which synthesizes 
acetylcholine m considerable quantities Such extracts remam tuibid 

Table II 

Effect of Citrate and Glutamate on Rate of Synthesis of Acetylcholine 


Each tube contained (a) the extract from 400 mg of fresh brain, (b) esenne, 
fluoride, choline, KC1, ATP, and acetate in the concentration previously indicated, 
(c) citrate or d-glutamate as indicated 



Acetylcholine synthesis per gm fresh tissue 

Experiment No 

Undialyzed 

Dialysed extract 


extract 

No substrate 

Citrate 

Glutamate 


y 

y 

y 

■ft - 

i 

29 

6 4 

24 


2 

42 

8 6 

30 


3 

38 

7 8 

27 


Average 

36 3 

7 6 

27 

18 8 

% of original activity 


20 9 

74 5 

51 7 


when centrifuged at ordmary speeds However, centrifugation for 3 
hours at 12,000 itpu results in an extract which is completely clear and 
shows no Tyndall beam The fact that such a preparation synthesizes 
acetylcholine at a higher rate than the turbid suspension from which it 
was ptepared proves that the enzyme is m true solution, and that the 
insoluble tissue particles inhibit synthesis in some unknown maimer 
The data are summarized in Table III, which also shows that the enzyme 
system is stable to freezing and thawing and that all of the acetylcholine 
synthesized is free In later work, therefore, no attempt was made to 
measure bound acetylcholine 

The inhibitory effect upon the synthesis of acetylcholine of the insoluble 
material in the acetone powder may be seen more strikingly in the results 
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of the following experiment With an acetone powder prepared from dog 
brain, the uncentnfuged suspension containing all of the insoluble material 
synthesized 390 7 per gm of powder After centrifugation for 3 hours 
at 12,000 r p m , it synthesized 630 7 per gm under identical conditions 
Effect of Dialysis — The somewhat cloudy supernatant fluid obtained 
by centrifuging the extract of acetone powder for 30 minutes at 2500 
rpai was used m all the experiments to be described m the following 
sections Such preparations are more readily prepared than those in- 
volving sustained high speed centrifugation, and, though somewhat less 
active, give substantially the same results 
When such preparations are dialyzed for 3 hours or more, most of their 
activity is lost and can be restored by the addition of citrate, ATP, and 

Table III 

Solubility and Stability to Freezing and Thawing of Enzyme System 
Synthesizing Acetylcholine 


Each tube contained (a) extract from 50 mg of acetone powder, (ft) NaF, esenne, 
choline, KC1, in the concentrations previously tabulated Free acetylcholine was 
determined by direct assay , total acetylcholine, after boiling at pH 4 0 for 2 minutes 


Preparation 

Acetylcholine synthesis per gm 
acetone powder 


Free 

Total 


1 

T 

Cloudy supernatant fluid after 20 min centrifugation at 
2500 n p.m 

Clear supernatant fluid after 3 hrs centrifugation at 12,000 
B P M 

850 

850 

With acetate (0 02 m) 

900 

900 

Without acetate 

900 

900 

Cloudy supernatant fluid twice frozen (— 40°) and thawed j 

850 



boiled yeast juice The addition of any single one of the three components, 
or of the components in pairs, results m substantially reduced activity 
(Table IV), while the presence of all three components gives synthesis 
comparable to that of the undialyzed preparation to which only ATP 
has been added In similar experiments employing longer periods of 
dialysis (10 hours), synthesis was eli mina ted entirely with only one com- 
ponent added and was diminished considerably with two, but under these 
conditions approximately 50 per cent of the initial activity was lost, even 
when all three were added Short dialysis periods were therefore used m 
order to study more fully the reactions and mechanisms involved How- 
ever, even wnth short dialysis periods it is clear that citrate, ATP, and 
another impure component containing perhaps several substances and 
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probably serving as a coenzyme are required for optimum synthesis Since 
this work was completed, the existence of activating cofactors for acet- 
ylcholine synthesis has been reported by Feldberg and Mann (8) and by 
Lipmann and Kaplan (9) 

Need for Citrate — Smce citrate is invariably active m the synthesis, 
other orgamc acids have been investigated as substitutes for it Of the 
large number which were tried m the presence of ATP and boiled yeast 
juice, cis-acomtic and acetoacetic acids have shown activity It is interest- 
ing that glutamic acid, which was active with extracts from homogenized 
brain, had little activity with extracts from acetone brain powder Keto 
acids (pyruvic, ketoglutanc, and oxalacetic) were found to be definitely 
inhibitory, m agreement with the findings of Nachmansohn and John 

Table IV 

Effect of Dialysis on Acetylcholine Synthesis 
Dialysis, 3 hours The enzyme was from an extract containing 100 mg of acetone 
powder of dog brain All tubes contained choline, NaF, esenne, KC1, and sodium 
acetate at the usual concentrations The results are given in micrograms of acetyl- 
choline bromide per gm of powder per hour 


Experimental conditionj 

Acetylcholine 

formation 

No additions 

0 

Undialyzed enzymo + ATP 

465 

Dialyzed + citrate 

100 

“ + ATP 

90 

“ + boiled yeast juice 

60 

“ + “ “ “ + ATP 

175 

“ + ATP + citrate 

200 

“ + boiled yeast juice + citrate 

185 

“ + “ “ " + “ + ATP 

435 


(7) Glucose, phosphorylated intermediates m glycolysis, ammo acids 
including cysteine, and /3-hydroxybutyric acid were without activity 
(Table V) 

The replacement of citrate by cis-acomtate and acetoacetate and the 
failure of the other substrates to result m synthesis suggested that they 
might function as sources of acetyl groups for the synthesis of acetylcholine 
This hypothesis has been tested by larger scale experiments 

Synthesis from Acetoacetic Acid — Two large scale experiments were 
performed to follow the synthesis of acetylcholine from acetoacetic acid 
analytically In these experiments the dialyzed extract from 3 gm 
of brain powder was tested To it were added NaF, esenne, choline, 
K + , ATP, and boiled yeast juice to give the same final concentrations 
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employed in the small scale experiments The preparation was then 
made up to 48 cc with f rog-Ringer-phosphnte solution and divided into 
three aliquots of 16 0 cc each To the first, 4 0 cc of the Ringer’s solution 
was added To the remaining two were added 4 0 cc of 0 1 m sodium 
acetoacetate to give a final concentration of 0 02 m One of these was 
immediately placed in an ice bath The other and the control without 
acetoacetate were incubated anaerobically at 37° for 2 hours At the 

Table V 

Effect of Substrates on Synthesis of Acetylcholine 
The Thunberg tubes contained the extract from 50 mg of acetone powder of dog 
brain dialyzed 3 hours All tubes contained choline, NaF, esenne, KC1, ATP, and 
boiled yeast juice at the usual concentrations Substrates, 0 02 u The results are 
given in micrograms of acetylcholine bromide synthesized per gm per hour 


Substrate 

Acetylcholine 

synthesis 

Substrate 

Acetyl 

choline 

synthesis 

None 

80 

Citrate 

440 

Glycine 

90 

Hexoae diphosphate 

80 

Acetate 

90 

d 3 Phosphoglyceraldehyde 

80 

Cysteine 

120 

0 Hydroxybutyrate 

80 

Glutamate 

130 

Pyruvate 

None 

Acetoacetate 

300 

Oxalacetate 

“ 

cis Acomtate 

400 

a. Ketoglutarate 

If 

1 


Table VI 

Synthesis of Acetylcholine with Acetoacetate As Acetyl Donor 
The results are given in micromoles of substance found 


Experimental conditions j 

Acetoacetic 
acid added 1 

Acetic acid 
found 

Acetyl 

choline 

found 

Flaak kept at 0° 

200 

4 2 

0 

“ incubated at 37° for 1 hr 

0 

4 8 

0 53 

it tl it gyo it li 1 

1 

200 

7 5 

2 88 


end of this period, aliquots were taken for acetylcholine analysis with the 
frog rectus muscle, and for acetic acid analysis by the method described by 
Friedemann (16) after refluxing with HgO and double steam distillation 
The results cannot be considered entirely satisfactory since the blanks 
were high and the quantities of volatile acid formed were too small to be 
titrated with a high degree of accuracy They show, however, that m 
the presence of acetoacetic acid quantities of volatile acid sufficient to 
account for the acetylcholine synthesized are produced (Table VI) It 
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may be noted that sufficient quantities of volatile acid are initially present 
m the enzyme and boiled juice to account for more than the quantities 
of acetylcholine synthesized The volatile acid is probably acetic acid, 
m hose inactivity m the synthesis has been noted m this paper (Tables III 
ajid V) and by previous workers (1, 2, 5, 6) 

Citrate in Synthesis of Acetylcholine — The r61e of citrate m the synthesis 
of acetylcholine has been studied by inhibitors and chemical analyses 
As indicated previously, citrate and cis-acomtate appear to function inter- 
changeably in the synthesis of acetylcholine, suggestmg the presence of 
aconitase, which has been found to be present in brain (17) In these 
experiments citrate vas used mainly as a substrate, because of its greater 
availability, but undoubtedly identical results would have been obtained 
with cis-acomtate 


Table VII 

Effect of Malonate and Semicarbazide upon Synthesis of Acetylcholine 
Each tube contained the dialyzed extract from 50 mg of powder and the usual 
quantities of NaF, esenne, KC1, ATP, boiled yeast juice, and citrate 0 02 m malo- 
nate and 0 01 M semicarbazide were added as indicated The results are given in 
micrograms of acetylcholine bromide per gm of brain powder per hour 


Experimental conditions 

Acetylcholine synthesis 

Control 

250 

Malonate 

220 

Control 

460 

Semicarbazide 

800 

Control 

350 

Semicarbazide 

500 


Effect of Malonate and Semicarbazide — Malonate, an inhibitor of suc- 
cinate oxidation, was added to prevent the formation of acetate by oxi- 
dative steps in the citric acid cycle In agreement with the results of 
Feldberg (6), it had no effect upon the synthesis of acetylcholine (Table 
VII) 

Semicarbazide was added to the test system because keto acids inhibit 
the synthesis of acetylcholine and because the most likely source of acetate 
from citrate would be the anaerobic breakdown of citrate to yield acetate 
and oxalacetate Binding the oxalacetate with semicarbazide might 
then be expected to increase the rate of acetylcholine synthesis Table 
VII shoMS that semicarbazide increased the rate of synthesis appreciably 
Large Scale Experiments with Citrate — Two large scale experiments have 
been performed to determine the r6le of the citrate in the synthesis of 
acetylcholine For these expenmen ts the dialyzed enzyme from 1 gm 
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of acetone powder was brought to a final volume of 50 cc with the usual 
concentrations of NaF, eserine, KC1, choline, citrate, \TP, and boiled 
> east juice In addition, senucarbazide was added to a final concentration 
of 0 01 m 10 cc of the contents were immediately stored m the cold 
room, the remainder was incubated anaerobically at 37° for 1 hour At 
the end of the experiment, aliquots were taken from each sample for ace- 
tylcholine analysis by the usual method Other aliquots were precipitated 
In adding £ volume of 50 per cent trichloroacetic acid To these was then 
added 2,4-dinitrophenylliydrazine in 2 n HC1 After standing for 30 
minutes, the quantities of the 2,4 dimtrophenylhydrazone formed were 
too small for isolation The keto acid was therefore determined color- 
imetncally as the 2,4-chmtrophenylhydrazone by the method of Friede- 
mann and Haugen, w'lth ethyl acetate (18) A calibration curve w'as 
prepared under identical conditions with known quantities of oxalacetic 
acid, and the keto acid concentration calculated on the assumption that 


Table VIII 

Synthesis of Acetylcholine with Citrate As Acetyl Donor 
The results are given in micromoles per gm 


Substance analyzed 

Experiment 1 * 

Experiment 2 

Initial keto acid 

1 97 

I 37 

Final keto acid 

3 03 

2 89 

Keto acid formed 

1 06 

1 52 

Initial acetylcholine 

0 

0 

Final acetylcholine 

1 66 

1 85 


it was oxalacetic acid The results are shown in Table VIII It may 
be seen that on a molar basis the quantities of acetylcholine formed agree 
reasonably well with those of the keto acid formed when the latter is cal- 
culated as oxalacetic acid The correspondence is undoubtedly closer 
than the data show, smce some acetylcholine is initially present m the 
enzyme preparation, but the quantities are too small to assay with accuracy 
Smce the anaerobic breakdown of citric acid to acetic acid would theo- 
retically leave oxalacetic acid as a residue, the fact that the quantity of 
keto acid formed (calculated as oxalacetic acid) agrees with the quantity 
of acetylcholine formed strongly suggests that the keto acid is mdeed 
oxalacetic acid Therefore, the rfile of citric acid m the synthesis of ace- 
tylcholine appears to mvolve its anaerobic breakdown to acetate and 
oxalacetate 

Effect of Acetate — The various workers who have studied the synthesis 
of acetylcholine have agreed that acetate does not mcrease the synthesis 
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and so cannot serve as a source of acetyl groups Our observations in 
general are in accord with those of previous workers How ever, we have 
found that, although acetate itself does not increase the synthesis of ace- 
tylcholine, and cannot be substituted for citrate, czs-acomtate, or acetoace- 
tate, it nevertheless increases the synthesis slightly when added in addition 
to citrate to the enzyme system The effect is small or absent in the 
absence of boiled yeast juice, but is definite when boiled yeast juice, ATP, 
and citrate are present (Table IX) 

Nature of the Coenzymes — No success has yet been attained in sub- 
stituting known compounds for the boiled yeast juice Magnesium (100 
7 ), manganese (100 7 ), chphosphopyndine nucleotide (1 mg of 25 per 

Table IX 

Effect of Acetate on Synthesis of Acetylcholine 
Each vessel contained the dialyzed extract from 50 mg of dog brain and the usual 
quantities of IvCl, NaF, eserine, and choline ATP, boiled yeast juice, and citrate 
(0 02 m) were added as indicated The results are given in micrograms of acetyl- 
choline bromide per gm per hour 


Ex 

pen 

ment 

No 


Acetylcholine synthesis 

No acetate 

Acetate 

1 

ATP + 

citrate 


155 

200 


“ + 

tl 

+ boiled juice 

275 

435 

2 

" + 

( t 


150 

165 


“ + 

It 

+ boiled juice 

200 

360 

3 

“ + 

tl 


180 

140 


“ + 

t i 

+ boiled juice 

245 

290 


cent DPN), diphosphothiamme (10 7 ), and guanine have been tried alone 
and in combination with negative lesults 

DISCUSSION 

From the work of preuous investigatoi s and fiom the experiments 
reported in this paper it can be seen that the soluble enzyme system fi om 
acetone-dried brain preparations lequires at least five components m older 
to synthesize acetylcholine These are choline, a suitable substrate, 
adenosine triphosphate, potassium, and a thermostable component piesent 
m brew ei s’ yeast and animal tissues 
The substiates which pioduced the greatest rates of acetylcholine syn- 
thesis weie citrate, as-acomtate, and acetoacetate Evidence has been 
presented to show that, with acetoacetate as substrate, an increase m 
volatile acid production, determined chemically, quantitatively parallels 
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the increase in acetylcholine synthesis, while with citric acid as substrate 
an increase in keto acid production may be demonstrated along with 
the synthesis of acetylcholine It is probable therefore that the substrates 
active in acetylcholine synthesis are donors of the acetyl groups re- 
quired m the synthesis The following reactions have been proposed 

Acetoacetate + HiO 2 acetate (active) (1) 

Citrate wt oxalacfetate + acetate (active) (2) 

Acetate (active) + choline acetylcholine (3) 

These reactions have not as yet been conclusively proved, since the en- 
zyme system involved, while yielding more than sufficient quantities of acet- 
ylcholine for quantitative bioassay, has not yielded sufficient quantities 
of the other products for isolation and positive identification Similarly, 
the quantities of the reacting substrates utilized have been too small to 
permit their accurate determination Nevertheless, the reactions pro- 
posed form the best working hypothesis for our results and are m accord 
with the Tesults of other workers 

The formation of acetate from acetoacetate has been shown by Lehmnger 

(19) to take place in muscle, kidney, and bacteria The reverse reaction, 
le synthesis of acetoacetate from acetate, has also been demonstrated 

(20) Furthermore, Lipmann (21) has shown that acetoacetate can act 
in the acetylation of sulfanilamide The work of these authors is in accord 
with our conclusion that the condensation of acetate to acetoacetate is 
reversible, and that acetoacetate may yield acetate groups for a variety 
of later reactions, of which the acetylation of choline and sulfanilamide 
is an example 

Neither Nachmansohn and John (7) nor Feldberg and Mann (8), who 
have reported the enhancement of acetylcholine synthesis by citrate, 
have offered suggestions for the mechanism of this enhancement We 
suggest that citrate acts as an acetyl donor m this enzyme system according 
to equation (2) 

In our experiments acetate cannot be obtained from citrate by oxidative 
reactions in the system because the experiments are entirely anaerobic 
Furthermore, malonate does not inhibit the synthesis The evidence 
for the anaerobic breakdown of citrate to yield oxalacetate and acetate 
is based upon the stimulating effect of citrate upon the synthesis of acet- 
ylcholine with the dialyzed enzyme system, augmentation of the stimula- 
tion by semicarbazide, and the demonstration of keto acid formation m 
the course of the reaction Reactions similar to this have been previously 
described The formation of citrate from acetate and oxalacetate has 
been demonstrated in yeast (22), but has not yet been established m animal 
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tissues Wieland and Rosenthal (23) were unable to find increased syn- 
thesis of citric acid by chopped kidney in the presence of acetate and 
oxalacetate, although oxalacetate and either pyruvate or acetoacetate 
were effective The oxidation of pyruvate to acetate has been demon- 
strated to occur m kidney (24) On the other hand, Wemhouse el al 

(25) have recently concluded that “citnc acid as such is not in the direct 
pathway of acetate oxidation m kidney ” Citric acid has been chosen 
as one of the members of equation (2) because cis-acomtic acid produced 
less acetylcholine than did citnc acid 

The experiments presented m this paper indicate that soluble enzymes 
from brain acetone powder anaerobically split citrate with the formation 
of a keto acid and acetate The increased formation of acetylchohne 
observed on addition of acetate (Table IX) would favor this assumption, 
the added acetate would produce a more efficient utilization of the “active” 
acetate formed by citrate 

A similar reaction would be responsible for the synthesis of acetylchohne 
from cis-aconitate, since this is transformed, mto citrate by aconitase 
present in brain (17) The inhibitory effect of keto acids upon the syn- 
thesis of acetylcholine may find an explanation either in the reversal of 
reaction (3) towards citrate or by competition with cholme for the active 
acetate for other condensation reactions The synthesis of acetylchohne 
by bram homogenates in the presence of glutamate must be due to for- 
mation of citric acid, a possibility which was discussed by Adler el al 

(26) The water-soluble extracts from acetone powders used in the ex- 
periments presented in this paper apparently contam smaller amounts 
of glutamic acid oxidase than the suspensions of homogenized brain used 
by Nachmansohn and John (7), hence, the smallei acetylcholine synthesis 
with this substrate 

We have postulated the formation of “active” acetate because of the 
inability of acetate to enhance the synthesis of acetylcholine m the absence 
of cdrate or acetoacetate This “active” acetate is perhaps a free radical 
of very short life, able to produce acetylations or other condensation 
reactions 

Whether ATP is required for the formation of “active” acetate from 
the more stable precursors, the transformation of the “active” acetate 
into acetyl phosphate, which might then be the acetylatmg agent, or 
for the acetylation reaction, as Lipmann (21) postulates, is not yet known 

Similarly, little is known about the r61e or the nature of the thermostable 
coenzyme except that it must be a substance of small molecular weight 
(less than 10,000), as it freely diffuses through cellophane membranes 
Because the synthesis of acetylcholine by the water-soluble brain extracts 
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is the result of two different reactions, formation of active acetate and 
acetylation of choline, it is not yet know n whether the coenzyme is necessary 
for the first or the last reaction 

It must be emphasized that the system obtamed from acetone-dried 
brain may not give a true picture of the synthesis of acetylcholine under 
physiologic conditions, m which the “active” acetate could be provided 
by the aerobic oxidation of pyruvate, as shown by Quastel and coworkers 
(2-1) 


SUMMARY 

The enzyme system which anaerobically synthesizes acetylcholine is 
water-soluble and can be extracted from acetone-dried preparations of 
mammalian bram At least five components are required for full activity 
of the enzyme system These are choline, a suitable substrate, potassium, 
adenosine triphosphate, and a coenzyme present m boiled aqueous ex- 
tracts of brewers’ yeast or animal tissues 
The suitable substrates which have been found are citrate, as- acomtate, 
and acetoacetate 

Evidence has been presented for the view that two different processes 
occur in the anaerobic synthesis of acetylcholine the formation of “active” 
acetate from anaerobic breakdown of citrate or acetoacetate, and the 
acetylation of choline by the “active” acetate Whether the coenzyme 
and adenosine triphosphate are required for the first or the second reaction, 
or for both, is not yet known 
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A one stage prothrombin determination which makes use of a constant 
level of fibrinogen has been reported by Thordarson (1) This assay as 
used with modifications by Enksen, Jacobsen, and Plum (2) makes use of a 
fibrinogen solution containing optimum amounts of thromboplastin and 
Ca ion To such a solution is added a constant amount of various dilutions 
of plasma and the time for clot formation is observed We have found that 
the concentration of fibrinogen has a marked effect on the one stage pro- 
thrombin assay of Quick (3) when the plasma dilution technique (3, 4) is 
used The study of this and other factors influencing this assay is the 
subject of this report 


EXPERIMENTAL 

Plasmas from the various animals were obtained by mixing 9 ml of blood 
with 1 ml of 0 1 m sodium oxalate and centrifuging off the cells Such a 
plasma was designated according to the usual terminology as 100 per cent 
plasma Rabbit brain thromboplastin prepared according to the method 
of Quick (5) was used exclusively 1 ml of the thromboplastin that was 
0 0125 m m Ca ions was added to 0 5 ml of plasma or a dilution thereof 
All reactions were earned out at 25° (±1°) and the time for the appearance 
of a clot or of the formation of fibrils of fibnn was determined visually while 
the reaction mixture was bemg vigorously agitated by tilting the reaction 
tube back and forth 

The vanous plasma proteins used in this work were separated from 
plasma by ethanol fractionation (6, 7) Except for a few experiments with 
human fibrinogen, bovine fibnnogen prepared according to the method of 
Seegers et al (8) that was from 75 to 85 per cent clottable was used in these 
studies The fibnnogen showed no evidence of fibnn formation in the 
presence of thromboplastin and Ca ions in 10 minutes All proteins used m 
this work were dissolved in 0 15 si NaCl and adjusted to pH 7 4 

Results 

Early in the course of this work it was recognized that marked differences 
m the clottmg times of dilutions of human, dog, and rabbit p lasmas resulted 

381 



382 


PLASMA PROTEINS V 


when saline and fibrinogen solutions were used as the diluents The pres- 
ence of the fibrinogen, either bovine or human, not only shortened the clot- 
ting times in the higher dilutions of the plasma but made it possible to 
assay plasma dilutions up to 1 per cent for prothrombin Typical clotting 
times of rabbit plasma diluted with saline and 0 3 per cent fibrinogen (clot- 
table) are shown in Fig 1 The determination of the clotting times of salin e 
dilutions of plasma higher than 1 10 (10 per cent) was often difficult and 
invariably it was found to be extremely difficult to duplicate values How- 
ever, duphcable assays were possible even with the fibnnogen-diluted senes 
at plasma concentrations lower than 1 per cent A 0 3 per cent solution of 
fibrinogen was used as the diluent since it represents the approximate level 
usually found m rabbit and human plasmas 



Fio I Effect of diluting rabbit plasma with 0 15 u NaCl and 0 3 per cent bovine 
fibrinogen in 0 15 m NaCl 

The effect of pH on the clotting times of sahne and fibnnogen-diluted 
plasmas was investigated since in earlier studies (9) it was found that the pH 
markedly affected the rate and extent of conversion of prothrombin to 
thrombin, especially in the presence of clotting inhibitors In this study the 
pH values were maintained at different levels by use of a buffer that was 
0 05 m in both barbiturate and cacodylate These along with the buffers 
of the plasma allow ed for buffenng m the pH range from 6 to 9 and did not 
remove Ca ion from solution The components of this buffer did not affect 
the clotting times of a diluted plasma as compared with the use of sahne 
The thromboplastin solutions were prepared m twice the usual concentra- 
tion and diluted with an equal amount of the above buffer of the desired pH 
just pnor to use The CaCl 2 was dissolved in the buffer solutions Clotting 
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times of various plasma dilutions showed minimum values between pH 7 
and 8 The higher plasma dilutions, especially the fibrinogen senes, 
showed relatively greater sensitivity to pH changes, but optimum condi- 
tions were similar to the saline dilution senes In further studies the pH 
values of the systems were maintained at pH 7 4 
A wide range of fibnnogen concentrations showed little vanation in the 
clotting times of plasma dilutions The clotting times of 0 15 and 0 3 per 
cent fibnnogen concentrations showed minimum values, while higher and 
lower fibnnogen levels showed slightly lengthened times For this reason a 
fibnnogen level of 0 3 per cent was used m future work 



Fig 2 Effect of fibnnogen increments on the clotting times of rabbit plasmas di- 
luted with 0 15 M NaCl Fibnnogen added pnor to dilution 

Smce fibnnogen ddution affected the usual clottmg times of diluted 
plasma, it appeared desirable to study the effect of saline dilution of a 
plasma that contained vanable amounts of fibnnogen but a constant amount 
of prothrombin To provide for such a system, several samples of oxalated 
rabbit plasma were diluted to 80 per cent concentration with fibnnogen solu- 
tions sufficient to raise the level of fibnnogen in the ongmal plasmas 50, 100, 
150, and 300 mg per cent These 80 per cent plasmas were then diluted 
with saline and the clottmg times determined m the usual manner From 
Fig 2 it is obvious that the fibnnogen mcrements resulted in shorter clot- 
tmg times Moreover, the end-pomts at the higher dilutions of the sys- 
tems with the higher fibnnogen increments were more easily determined 
Thus changes in plasma fibnnogen levels may well affect the clottmg times 
of sakne-diluted plasma without influencing the prothrombin time 
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72 hours after the feeding of caffeine at the level of 100 mg per kilo the 
plasma fibrinogen of rabbits shows a marked increase The clotting times 
of saline dilutions of such plasma are shortened, although fibrinogen dilu- 
tions of the same plasma show constant or slightly lengthened values, as is 
seen in Table I Such data indicate that caffeine does not induce a hyper- 
prothrombmemia ( 10 ) but only an increase in plasma fibrinogen ( 11 ) 
These results parallel the findings shown in Fig 2 for a system m which 
direct additions of fibrinogen to plasma resulted in shorter clotting times m 
the higher saline dilutions of the plasma 
To determine whether other plasma proteins in the concentrations usually 
found m plasma would affect the clotting times, rabbit plasmas were diluted 
•with 3 5 per cent human serum albumin, 0 5 and 2 0 per cent 7 -globulin, 
and 0 7 per cent (3-globuhns These proteins possessed the following purity 


Table I 

Effect of Feeding Caffeine ( 100 Mg per Kilo) on Clotting Time 


Clotting time 



Rabbit A 

Rabbit B 

Before 

Alter 

Before 

Alter 

Plasma fibrinogen, mg % 

304 

455 

306 

484 



sec 

sec 

sec 

sec 

10% plasma (saline) 

21 i 

15 6 

16 5 

13 5 

5% “ 

“ 1 

42 7 

25 8 

33 4 

22 7 

10% “ 

(fibrinogen) 

16 5 

15 6 

13 4 

13 4 

5% " 

" 

25 2 

23 8 

19 6 

20 3 

1% “ 

« 

79 8 

82 9 

45 7 

' 

60 7 

i 


as judged by electrophoresis albumin 99 per cent, 7 -globulin 98 per cent, 
and /3-gIobuhn approximately 85 per cent The ,/3-globulm was analogous 
to the Fraction III-l used in our earlier work (9) except that it contained 
a higher amount of /3-globulin Since this fraction possessed some pro- 
thrombin activity, it was heated at 55-57° for 1 hour prior to its use in order 
to inactivate the small amount of prothrombin present Dilution of plasma 
with albumin and 7 -globulin in the above concentrations did not alter the 
clotting times as compared with saline solution The /3-globulm, however, 
had a definite retarding effect, being particularly noticeable at the higher 
plasma dilutions 

Since de Suto-Nagy (12) has indicated that clotting inhibitors in certain 
tissue fractions may be removed by extraction with certain organic solvents, 
an attempt was made to remove plasma-clotting inhibitors by such ex- 
traction and thus alter the usual dilution curve clotting times Portions of 
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lyophilized rabbit plasmas were extracted'' with ether, acetone, absolute 
ethanol, and a 1 4 absolute ethanol-ether mixture No appreciable dif- 
ferences in the clotting times of reconstituted solutions of the dried extracted 
and unextracted plasmas were noted 
The assay of prothrombin by the fibrinogen dilution technique described 
above is analogous in some respects to both the one stage method of Quick 
and the two stage method of Warner, Bnnkhous, and Smith (13) For this 
reason it appeared desirable to compare the clottmg times of fibrmogen- 
dduted plasma of different species As would be expected, the prothrombin 
levels are closer to values reported by Quick (14) for the one stage assay 
than those reported by Warner, Bnnkhous, and Smith (15) for the two stage 



Fig 3 Comparison of clotting times of plasmas of rat and dog diluted with 0 15 u 
NaCl and fibrinogen 

assay Marked deviations in the curves for saline and fibrinogen dilution 
were experienced for different animals Fig 3 shows such a difference for 
dog and rat plasma 

The work of Quick (16) and of Munroe et al (17) on prothrombin A and 
B suggested that the disappearance of the A component might be inter- 
preted as an alteration or lowering of the fibrinogen m the systems studied 
However, we were unable to restore the clottmg times of aged plasmas to 
the original value by the addition of fibrinogen The addition of rabbit 
plasma, rendered almost free of prothrombin by dicoumarol feeding, to aged 
rabbit plasma shortened the clottmg time of the latter plasma somewhat but 
did not restore it to its original value Moreover, addition of fibrinogen to 
a mixture of 10 per cent aged and 10 per cent dicoumarol plasma did not 
shorten the clottmg time 
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DISCUSSION 

The effect of fibrinogen on the one stage assay of prothrombin by the 
saline dilution curve technique (3, 4) appears to be related to the failure to 
discern readily the appearance of the clot formed in the higher saline dilu- 
tions of plasma owing to the small amounts of fibrinogen present The 
addition of fibrinogen circumvents this difficulty In the usual technique 
fibrinogen is a limiting factor at the higher plasma dilution and conse- 
quently plasma fibrinogen levels will affect the assay Such a conclusion is 
obvious from the data m Fig 2 for rabbit plasma containing vanable 
amounts of fibrinogen but a constant level of prothrombin, progressively 
shortened clotting times occur at high sahne dilutions in the plasma con- 
taining the higher amounts of fibrinogen E\Dpnmentally we have been 
able to duphcate the increased plasma fibrinogen levels and the lowering of 
the clotting time of sahne dilutions of the same plasma of rabbits fed caf- 
feine, as described by Field et al (10, 11) However, m agreement with 
Quick (18), practically no vanation was seen in the higher plasma concen- 
trations Our most pronounced effect was observed in the 5 per cent 
saline dilution The activity of our thromboplastin preparations as re- 
flected by the shorter clottmg times of the various dilutions of rabbit plasma 
studied appears to be greater than those used by Field et al (10) Whether 
this is a vahd criticism of the work of the latter authors, as suggested by 
Quick (18), is questionable, since we were able to duphcate the essential 
points of their work, and, moreover, the effect of shortening the clottmg 
time is clearly one of a raised plasma fibrinogen level 

Plasma fibrinogen levels are known to show ivide fluctuations (19) 
Recently in studies on the relation of erythrocyte sedimentation rates and 
fibrinogen concentrations Rapoport and Guest (20) have indicated that this 
protein may influence the apparent prothrombin levels The marked lower- 
ing of the plasma fibrinogen levels occasioned by sahcylate feeding as noted 
by these authors may tend to explain the apparent hypoprothrombinemia 
resultmg after feeding of this drug, as reported by lank el al (21) and 
Field (22) Such a decrease m plasma fibrinogen would tend to lengthen 
the clotting time of sahne dilutions of plasma even though the prothrombin 
levels remained unchanged The greater tolerance of dicoumarol by preg- 
nant and lactating rats over normal animals, as reported by Field, Overman, 
and Baumann (23), may likewise be related to the known rise in plasma 
fibrinogen occurring dunng such conditions (19) The hyperprothrombi- 
nerrun resultmg from administration of vitamin K, as reported by Field and 
Link (24) and by Richards and Shapiro (25), may likewise be a fibrinogen 
effect The failure of Quick (26) to substantiate these findings appears to 
be due to differences in assay method However, the statement by Rich- 
ards and Shapiro (25) “that only by the use of diluted plasma is it possible 
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to detect the hyperprothrombinemia” will not hold if the dilution 13 earned 
out with saline as used by these authors An increased plasma fibnnogen 
level will affect the assay by making it possible to observe the clot more 
readdy and earlier m the higher saline dilutions However, a constant 
fibnnogen level and an increased amount of prothrombin likewise could 
account for such an effect We are at present investigating such effects by 
the simultaneous use of sahne and fibnnogen dilution techniques accom- 
panied by fibnnogen assays 

It can readily be seen that by use of fibnnogen solutions the clottmg 
times of plasma are lowered m the higher dilutions and that the assay range 
can be extended to far more dilute plasmas Pohle and Stewart (27) have 
previously made use of a fibnnogen solution m studying the clottmg times of 
various plasma dilutions by the one stage technique They expenenced 
httle difference in the clottmg times of 0 5 per cent fibnnogen dilutions of 
plasma as contrasted with sahne dilutions They did not, however, study 
plasma diluted beyond 10 per cent 

Quick (28) has commented on the limitations of using the sahne dilution 
technique m prothrombin determinations The use of fibnnogen rather 
than Al(OH)i-adsorbed plasma as a plasma diluent, as used by Qmck 
(29, 14), would appear more desirable for several reasons Use of pro- 
thrombin-free plasma as a diluent changes the ratios of all other postulated 
clottmg components to the enzyme being assayed in every dilution More- 
o\er, Al(OH)j is not necessanly a specific prothrombin adsorbent and may 
serve to modify greatly other plasma constituents The use of a fibnnogen 
solution circumvents these difficulties 

SUMMARY 

The one stage prothrombin assay has been modified by the use of fibnn- 
ogen as a diluent of the plasma This method tends to circumvent the 
effect of variations m the fibnnogen content of plasma and make this assay 
more specific for prothrombin Moreover, the assay range can be extended 
to much higher dilutions of plasma than is expenenced with sahne dilutions 
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TOXICITY OF TYROSINE IN PYRIDOXINE-DEFICIENT RATS 
Sirs 

In 1941, Martin cl al 1 demonstrated the effect of dopa in increasing blood 
pressure of dogs rendered hypertensive by the pennephntic technique 
Reports were made on the hypertension m rats fed diets containing 5 and 
10 per cent Z-tyrosine’ and subsequently on the increased toxicity of 
l tyrosine in the riboflavin-deficient rats 3 
The involvement of pyridoxine and pyndoxal 4 in tyrosine decarboxylase 
mechanisms m bacteria suggested the possibility that a pyndoxine de- 
ficiency in the rat would deciease the toxicity of Z-tyrosme Experiments 
designed to test this possibility involved the use of 5 per cent tyrosine 
diets' rendered pyndoxine-deficient by omitting this factor from the 
synthetic diet Twenty rats were placed on each diet The pyndoxine- 
deficient rats receiving 5 per cent 1-tyrosme at the end of a 5 month test 
penod were all living and had an average weight 20 per cent in excess of the 
average weight of the surviving 50 per cent of the series of rats receiving 
pyndoxine and Z-tyrosme At 6 months, when the experiment was ter- 
minated, 100 per cent of the animals receiving pyridoxine were dead, 100 
per cent of the pyndoxine-deficient rats were alive Results with control 
animals receiving no tyrosine indicated pyndoxine synthesis m these rats, 
1 per cent sulfasuxidine added to the diet caused 100 per cent deaths in 2 
months, without the sulfonamide 100 per cent of the animals were alive at 
6 months 

The importance of this observation lies in its possible application to 
certain types of hypertension m the human being 
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A NEW METABOLITE OF NICOTINAMIDE 


Sirs 

N'-Methylmcotinamide is the major known derivative of nicotinamide 
excreted in urine, yet only 10 to 30 per cent of ingested nicotinamide can be 
accounted for in this form This low excretion, as well as the poor correla- 
tion between excretion and the total nicotinamide intake, can most readily 
be explained by the further metabolism in the body of N'-methylmco- 
tinamide 1 

A reaction by which N'-methylmcotmamide can be further metabolized 
was found during the search for a physiological function of the quinine- 
oxidizing enzyme 2 * The only physiological compounds found to be 
oxidized by this enzyme \\ ere those related to nicotinic acid N*-Methyl- 
mcotinamide was the most rapidly oxidized, and reacted at a rate easdy 
sufficient to account for its disappearance m the body From the nature 
of the reaction catalyzed by this enzyme, the product of the oxidation was 
assumed to be the corresponding pyndone 
This pyndone has now been isolated from large scale oxidation of N 1 - 
methylmcotinamide by the punfied quinine-oxidizing enzyme of rabbit 
liver Its ultraviolet absorption is intense, with maxima at 260 and 
290 m/i This property allows direct assay of solutions containing as little 
as 1 7 per ml The compound can be isolated by adsorption on Lloyd’s 
reagent, followed by extraction into isobutanol 
By the same procedure the compound has also been isolated from human 
urine in amounts of about 100 mg per day following daily doses of 600 to 
900 mg of nicotinamide Its melting point is 212-215°, and the mixed 
meltmg pomt with the enzymically prepared compound, 212-213 5° The 
absorption curves of the compounds from both sources are identical 
The analysis is consistent with the formula for one of the pyndones of 
N'-methylnicotinamide 

CjHjNjO, Calculated C55 24,H5 31,N18 42 
Found “ 65 15, " 5 31, “ 18 45 

By conversion to the corresponding acid (m p 235-237° uncorrected 5 ) and 
the methyl ester (m p 137°, uncorrected 4 ) and by comparison with the 

1 Perlzweig, W A , and Huff, J W ,J Biol Chem , 161, 417 (1945) Ellinger, P , 

and Coulson, R A , Biochem J , 38, 265 (1944) Denko, C W , Grundy, W E , 
Porter, J W , Berryman, G H , Fnedemann, T E , and Youmans, J B , Arch 
Biochem , 10, 33 (1946) 

1 Knox, WE ,J Biol Chem , 163, 699 (1946) 

1 von Pechmann, H , and Welsh, W , Ber chem Ges , 17, 2384 (1884) 

‘ Meyer, H , Monatsh Chem , 26, 1311 (1905) 
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synthetic acid, the metabolite has been identified as the 6-pyndone 
(N l -methyl-6-pyridone-3-carbo\ylamide), the formula of which is given 


0 


c 




/W 
O | 
CH, 


\ 

NH, 


From the amount actually isolated from urine despite losses, it would 
appear that this pyridone is excreted in an amount at least comparable to 
that of N'-methylmcotinamide 


Enzyme Laboratory, Department of Medicine W Eugene Knox 

College of Physicians anfl Surgeons William I Grossman 

Columbia University 
New York 
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STREPTOMYCIN AND DESOXYRIBONUCLEASE IN THE 
STUDY OF VARIATIONS IN THE PROPERTIES OF 
A BACTERIAL VIRUS 

Sirs 

T. bacteriophage, reproduced in E colt B grown in a lactate medium, 1 * 
con tamed 37 per cent of desoxynbose nucleic acid (DNA) and 3 7 per cent 
P 1 Ultraviolet irradiation of T- disrupted the limiting membrane of the 
particle and liberated non-sedimentable DNA mto solution 3 Although 
most of the DNA is organized within the virus, 30 per cent of the total 
DNA appears to be organized at the surface of T 2 -F 
Streptomycin contains the diguamdo base, streptidme It has been 
found that streptomycm combines with nucleic acids to produce polymeric 


Stability of Ti 


Vinn preparation 

Per cent of initial virus activity 

0 hr 

1 hr 

2 hrs 

5 hrs 

6 hrs 

T,-F 

100 

75 

56 

28 

22 

T a F after DNase 

100 

87 

79 

59 

52 

TjN 

100 

94 

79 

68 

49 


compounds whose size depended on the combining ratios of the bivalent 
base to multivalent nucleates 4 At some ratios lattice formation contmued 
until precipitates formed Similar compounds were produced with T 2 -F 
Streptomycm nucleates and complexes of virus and streptomycm 
were dissociated m u NaCl, as were thymus nucleohistone and nucleo- 
prota mines, 1 which contain many guamdo groups 

The high viscosity of T 2 concentrated by differential centrifugation was 
specifically reduced by desoxynbonuclease (DNase) and not by nbo- 
nuclease, trypsin, or lysozyme DNase did not reduce the activity of the 
virus After DNase digestion, 30 per cent of the previously sedimentable 
DNA of TrF was separable from the virus by high speed centrifugation 
The DNase-treated virus was not precipitable by streptomycm 

1 Virus produced by parasitizing E coli in lactate medium (F) or nutrient broth 
will be termed T s F or Tt N respectively 

* Cohen, S S , and Anderson, T F , J Exp Med , in press 

■ Anderson, T F ,J Cell and Comp Physiol , 26, 1 (1945) 

‘ I am indebted to Dr P Gyorgy of this University for suggesting this possibility 

* Cohen, S S , J Biol Chem , 168, 255 (1945) 
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Concentrates of T 2 -N had a low viscosity and were not precipitated by 
streptomycin The DNase activity of broth lysates containing T 2 -N 
was high DNase was not found in lactate lysates 
Purified T 2 -F was much less stable at 37° in 0 025 m veronal buffer at 
pH 7 2 than purified T 2 -N Treatment of T 2 -F with 0 0001 per cent 
DNase for 2 hours at pH 7 2 in veronal buffer made T 2 -F as stable as 
T 2 -N (see the table) 

Thus T 2 -F has an outer layer of DNA removable by DNase On the 
other hand, T 2 -N appeared to have been degraded already by DNase 
appearing under the conditions of growth in the host in a specific environ- 
ment Variations in that environment produced variations m the chemical 
composition, surface structure, stability, sensitivity to streptomycm, and 
viscosity of T 2 bacteriophage The differences in size and stability of T 2 
grown in broth and synthetic media descnbed by Hook et al 6 and Taylor 7 
arc also probably due to the DNase effects descnbed above It is not 
unlikely that the tn vitro reactivity of streptomycm with nucleic acid is 
related to the tn vivo activity of this antibiotic 

Children’s Hospital of Philadelphia Seymour S Cohen 

Department of Pediatries 
School of Medicine 
University of Pennsylvania 
Philadelphia 
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BIOLOGIC VL PRECURSORS OF URIC ACID CARBON* 


Sira 

The biological precursors of uric acid carbon have been studied by 
administering compounds labeled with C 1J to pigeons Uric aci was 
isolated from the excreta, purified, and degraded with alkaline Mn a to 
CO,, urea, and glyoxylic acid From the work of Fischer and Ach it 
would appear that the CO, is derived from carbon 0 of uric acid, urea carbon 
from carbons 2 and 8, and the aldehyde and carboxyl carbons of glyoxylic 





O* concentration, atoms per cent excess 


Precursor 

Rate fivcn 



Uric xcid carbon No 


Respira 
tory CO* 



ext bo ns 

5 

8 

4 

5 

6 

CO, 

Vi* per hr 

0 75 

8 13 

■ 

0 00 


0 oot 

0 25 

0 28 

CH.COOH 

1 

5 82 

2 02 




0 22 

0 26 

CH,CHOHCOOH 


8 80 


ii 



0 20 

0 25 

CHiCHOHCOOH 

mm 



Dm 

R' H 



0 11 

NH,CH,COOH 

1 


0 00 

■ 

1 IB 


0 11 

0 13 


* Indicates carbon atoms labeled with C u 

t Calculated from isotopic analysis of the glyoxylic acid semicarbazone o 
assumption is made that the distribution of isotope m these two positions is iden ica 
to the distribution in the experiment with carboxyl acetate 

acid from carbons 4 and 5 respectively The CO, was recovered as BaCO,, 
urea was converted to CO 2 by urease, and glyoxylic acid isolated as the 
semicarbazone This semicarbazone was degraded by acid permanganate 
into 2CO, and HCOOH, the latter coming from the aldehyde carbon of 
glyoxylic acid By reaction of another aliquot of uric acid with KCIO,, 
urea containing carbon 8 was obtained The other product of this reaction, 
alloxan, was converted by H 2 S to insoluble crystalline alloxantin, which was 
subsequently oxidized by PbO, to CO, and to urea which contained 
carbon 2 

The administration of the isotopic compounds listed m the table led to 
the formation of uric acid containing C 13 in the positions noted The C 
concentration of respiratory CO, is also reported In a supplementary 

* Aided by a grant from the American Cancer Society 
1 Fischer, E , and Ach, F R , Ber chem Gea , 32, 2745 (1899) 
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experiment it was found that the carboxyl carbon of acetate was not a 
direct precursor of urea carbon m the rat 

From the data presented, the follow mg conclusions have been drawn 
(1) COa is the precursor of carbon atom 6 of unc acid Its incorporation 
mto this position is not readily explained by known C0 2 assimilation 
reactions (2) The carboxyl carbon of acetate is the precursor of carbons 2 
and 8 of uric acid, thus demonstrating a new path of metabolism of acetate 
(3) The high concentration of C 13 in carbon atom 4 after the administration 
of carboxyl-labeled glycine indicates that glycine or a metabohc derivative 
is probably the precursor of carbon atom 4 of unc acid (4) Carbon 
atom 4 may be derived from the carboxyl group of either lactate or glycme 
and carbon 5 from the a- (or j3-) carbon of lactate It is thought, therefore, 
that lactate may be converted to glycme or a metabohc derivative of glycme 
by reactions comparable to the conveision of senne to glycme 2 This 
suggests that carbon 5 of uric acid is derived from the a-carbon of glycine 
(5) Glycine and acetate are not intei convertible m the metabolism of the 
pigeon (6) The difference m the precursois of urea carbon m the rat and 
the ureide carbons of unc acid in the pigeon indicates that these two 
structurally similar groups have different metabohc origins 

Department of Physiological Chemistry John C Sonne 

School of Medicine John M Buchanan 

University of Pennsylvania Adelaide M Delluva 

Philadelphia 

Received for publication, October 17, 1946 
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YEAST MICROBIOLOGICAL METHOD FOR DETERMINATION 
OF NICOTINIC ACID* 


Br WILLIAM L WILLI VMSf 

(From the Natal Medical Research Institute, National Natal Medical Center, 
Bclhcsda, Maryland) 

(Reemed for publication, July 2, 1910) 

The original microbiological method of Snell and Wright (1) for the 
determination of nicotinic acid has been widely used Several workers 
(2-4) ha\e encountered difficulties with this method and have suggested 
improi ements The improved methods, although largely eliminating the 
troublesome “drifts” among values calculated at progressively higher 
assay let els, the variations in the standard curve, high blank values, and 
unsatisfactory recoveries still require an incubation of from 40 to 72 hours 
and titration of the acid produced 

The yeast method described m the present communication possesses 
advantages of rapidity and convenience as compared to the bacterial 
method Assays may be obtained in as short a time as 12 hours and the 
extent of yeast grow th is conveniently determined with a photoelectric 
colorimeter Furthermore, this method offers an opportunity for checking 
assay results with a different type of microorganism and may be useful 
in the differential determination of certain compounds related to nicotinic 
acid 

The general techniques are essentially those described by Atkin el al 
(5) and used for the determination of pyndoxme (6) and pantothenic acid 

( 7 ) 


EXPERIMENTAL 

Apparatus — The Evelyn photoelectric colorimeter is used with Filter 
660 and the test-tubes provided with the instrument The test-tubes 
are shaken m a wooden block 18 X Hi X 2 mches m wluch 75 holes f 
inch m diameter and lj mches deep have been bored in staggered rows 
of five The Fisher-Kahn shaker or the shaker obtainable from the Pre- 
cision Scientific Company, Chicago, Illinois, for the Kahn test must be 
reduced m speed by replacing the pulley supplied by a smaller pulley 
If X J mch When 18 mm test-tubes and the Lumetron instrument 
previously described are used (5), this reduction in speed is not necessary 

* The opinions or assertions contained herein are the private ones of the writer and 
are not to be construed as official or reflecting the views of the Navy Department 
t Present address, Department of Biochemistry, University of Wisconsin, MadiBon 
6, Wisconsin 
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SUmdard Nicotinic Acid Solution — 100 mg of U S P nicotinic acid 
reference standard are weighed and diluted to 100 ml m a volumetric 
flask This solution is refrigerated and may be used as long as 4 months 
On the day of assay 1 ml (1 mg ) of this stock solution is diluted to 1000 
ml 5 ml of this solution are further diluted to 100 ml , giving a solution 
of 50 millimicrograms per ml 

Culture and Inoculum — Of seventeen yeasts known to require nicotinic 
acid (8), the response of Torula cremons (American Type Culture Col- 
lection No 2512) was found to be the most satisfactory The organism 
is grown on Difco malt agar 24 hours at 37° This slant is refrigerated 


Table I 

Composition of Basal Medium 


Component 

Amount per 10 ml final 
medium 

c p glucose, anhydrous 

ms 

500 

KHjP0 4 

3 

MgS0 4 

1 

Charcoal-treated peptone (Isbell (9)) 

ml 

1 (= 100 mg ) 

Potassium citrate buffer (1 liter contains 100 gm potassium 
citrate and 20 gm citric acid) 

0 5 

Biotin 

0 25 

Thiamine hydrochloride 

25 

Pyndo\ine hydrochloride 

25 

Calcium pantothenate 

25 

Inositol 

250 


and used as a stock culture for a period not over a month 24 hours before 
an assay series a fresh transfer is made and incubated at 37° Yeast 
from this slant is added to 10 ml of stenle saline in an Evelyn tube until 
it reads 15 to 25 per cent absorption m the colonmeter The contents 
of this tube are then added to 90 ml of sterile salme and this is used at the 
rate of 1 ml per assay tube The absolute amount of inoculum is not 
critical but uniformity is essential m each assay series Amounts of yeast 
giving values (per cent absoiption) from 5 to 50 in the above procedure 
have been tested with no effect on the assay results Turbidity values 
over 20 per cent simply have the effect of adding minute quantities of 
nicotinic acid to the basal medium 
Basal Medium — The composition of the basal medium is given m Table 
I The ingredients can be conveniently combined by preparing three 
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solutions, (a) charcoal-treated peptone 10 per cent (9), (b) potassium cit- 
rate buffer, and (c) vitamins, biotin 1, pyndoxine 100, thnmme hydrochloride 
100, calcium pantothenate 100 y per ml , and mositol 1 mg per ml 

To prepare, for example, the medium for 100 tubes, 100 ml of (a), 50 
ml of ( b ), and 25 ml of ( c ) are combined with 50 gm of glucose, 300 mg 
of dihydrogen potassium phospliate, and 100 mg of magnesium sulfate 
This is diluted to 500 ml (double strength) and dispensed 5 ml per assay 
tube 

Besides nicotinic acid, the organism requires only biotin and pantothenate 
or /3-alantne, how ever, thiamine, inositol, and pyndovine increase the rate 
of growth in the early stages With ammonium sulfate as the nitrogen 
source and (3 alanine instead of calcium pantothenate, the organism re- 
quires potassium, magnesium, calcium, sulfur, and phosphorus With 
the recommended medium only phosphorus and potassium are required 

The charcoal-treated peptone prepared according to Isbell (9), compared 
to casein hydrolysate and simpler nitrogen sources, improves the response 
of the organism to nicotinic acid Whether this is due to its superiority 
as a nitrogen source or to unknown grow th substances occurring in the 
peptone is not known 

The contention that the recommended basal medium is complete is 
supported by the finding that the multiple addition, in excess, of p-ami- 
nobenzoic acid, cholme, adenine, guanine, uracil, riboflavin, and folic acid 
and the salts, calcium chloride, feme chloride, manganese sulfate, copper 
sulfate, and zme sulfate, did not affect the standard curve or assays of 
skim milk powder, dried yeast, and whole wheat flour Growdh on the 
basal medium plus 2 7 of nicotinic acid per 10 ml was not unproved by 
the addition of 5 mg of yeast extract per 10 ml 

Preparation of Samples — As is shown in Table IV, certain naturally 
occurring methylated derivatives of nicotinic acid are active for Torula 
cremons Appropriate treatment as outlined below with 3 n NaOH destroys 
these substances in pure solutions (Table V) and natural materials (Table 
II) Trigonelline added to whole wheat is also destroyed by this treat- 
ment 

An amount of sample estimated to contain 5 to 10 7 of nicotinic acid 
is accurately weighed and placed in a 250 ml beaker The sample is 
suspended in the minimum quantity of distilled water, 50 ml of 3 n NaOH 
are added, and the solution autoclaved at 15 pounds pressure for 1 hour 
After cooling, the pH is adjusted to 5 0 to 5 5 with 3 n H : SO< with the 
Beckman pH meter or mtrazine paper, and the solution is diluted to 200 
ml If necessary, centrifugation is employed to obtain a clear extract 
Frequently materials of high starch content such as wheat flour contain 
suspended material which cannot be removed by filtering or centrifuging 
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In this case the neutralized test solution can be clarified by adding a small 
amount of taka-diastase (2 to 4 mg ), incubating at 100° for 5 minutes, 
then centnfugmg Clarase may also be used as descnbed by Atkin et al 
( 6 ) 


Table II 

Effect of Sample Treatment on Assay 


Material 

Treatment 

Lactobacillus arabtnosus 
values from literature 

1 N H 5 SO 4 

3 n NaOH 

Substances reported to contain trigonelline or 

NUmethylmcotinnmide 


mg per day 

mg per day 

mg per day 

Urine 

9 8 

1 1 

1 15 (10) 


y per gm 

y per gm 

y per gm 

Roasted coffee 

8900 

240 

100 (ii) 

Tomatoes (fresh) 

37 0 

8 8 


Green peas (fresh frozen) 

234 

12 5 

22 (12) 


Substances not known to contain these compounds 


Unennched flour* 

13 2 

10 7 

11 6 (13) 

Enriched flour* 

27 2 

27 2 

25 1 (13) 

“ bread* 

28 4 

25 0 

26 5 (13) 

Whole wheat flourf 

50 0 

50 5 

50 3,t 50 3 (4) 

Dried yeastf 

556 

530 

591f 

Skim milk powderf 

8 3 


9 0,t 8 4 (4) 

B comple\ concentrate No 4f 

838 

716 

803 1 

« « 11 11 

1320 

1170 

1340f 

Wilson’s liver powder 1 20 

1610 

1680 


G L F dog food pellets 

77 5 

46 0 


Hominy grits 

17 3 

11 5 


Corn germ, raw 

199 

34 0 

34 9 (2) 


* Samples used in a collaborative study (13) and obtained from H IC Steele of 
The Fleishmann Laboratories, New York 

t Samples used in a collaborative study and obtained from F M Strong, 
University of Wisconsin 

t Strong, F M , personal communication 

Milk and low potency milk products (eg skim milk powder) become 
highly colored by the alkaline treatment, causmg turbidity measurements 
to be m error As there is no evidence that these materials contam trig- 
onelline or N'-methylmcotmamide, 1 n H 2 SO< may be substituted for 
the 3 n NaOH m the above procedure for this type of material 
Assay Procedure — To each of a series of standard Evelyn test-tubes 
5 ml of basal medium (double strength) are added The standard mco- 
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time acid solution is added to eight of these test-tubes m the quantities 
0, 0 5, 1 0, 1 5, 2 0, 2 5, 3 0, and 4 0 ml , giving respectively 0, 25, 50, 75, 
100, 125, 150, and 200 miUimicrograms per tube Typical values for 


Table III 

Nicotinic Acid Assays and Recoveries 


Material 

Sample per tube 

Nicotinic 
acid found 

Nicotinic 
acid 
per gm. 

Recovery 


mt 

mtllimtcro- 
trams , 

7 

Per cent 

Whole wheat 

i 

47 

47 



2 

88 

44 



3 


44 



4 

1 + 50 milli- 

II 

43 



micrograms 
Nicotinic acid 

2 + 100 nnlli 

95 


96 


micrograms 
Nicotinic acid 

185 


97 

Wilson’s liver powder 1 20 

0 025 

44 

1760 



0 05 

82 

1640 



0 076 

124 

1650 



0 10 

0 025 + 50 milli- 

167 

1670 



micrograms 
Nicotinic acid 

0 05 + 100 milli 

92 


96 


micrograms ! 

Nicotinic acid 

■1 


99 

Dried yeast 

0 05 

H 

520 



0 10 

53 

530 



0 15 

81 

540 



0 20 

0 05 + 50 milli- 

109 

530 



micrograms 
Nicotinic acid 

0 10 + 100 milli- 

75 


98 


micrograms 
Nicotinic acid 

148 


95 


growth, obtained from this senes and expressed as per cent absorption, 
are 11, 20 5, 29, 37, 43 5, 49, 53 5, and 61 5 Four test-tubes are used 
for each sample, to which are added 1 0, 2 0, 3 0, and 4 0 ml of the final 
clear sample solution By the addition of appropriate amounts of distilled 
water, the volume of each test-tube is adjusted to 9 ml The tubes are 
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plugged with cotton and heated in flowing steam for 10 minutes, cooled, 
and 1 ml of inoculum added to each The assay series is then shaken at 
any temperature from 30° to 38° Readings are usually made after 16 
and 18 hours, satisfactory results may be obtained, however, as early 
as 12 hours or as late as 40 hours By referrmg the growth attained on 
the unknown samples to the standard curve, assay values are calculated 
m the usual manner Some of the assays obtained are shown in 
Table II 


Table IV 

Per Cent Activity of Compounds Related to Nicotinic Acid ( Molar Basis ) 


Compound 

Untreated 



Nicotinic acid 

100 

97 

97 2 

Nicotinamide 

97 6 

98 

95 

Trigonelline 

85 

85 

76 

Nipecotic acid 

0 

0 

0 

Pyndine-3-sulfonic acid 

0 

0 

0 

Isomcotimc acid 

0 

0 

0 

N 1 Methyliucotinamide chloride 

0 

74 

60 

Nicotine 

0 

0 

0 

Methyl mcotinate 

0 

0 

132 

Nicotmomtnle 

92 

67 

106 

6 Methylnicotiruc acid 

0 

0 

0 

Picohmc acid 

0 

0 

0 

Coenzyme II (tnphosphopyndine nucleotide) 

60 

121 

103 

Diethylnicotinamido (coramine) 

0 

0 

121 

2 Methylpyndine 

0 

0 

0 

3-Methylpyndine 

0 

0 

0 

Ethyl nicotinatof 

68 

74 

89 

Quinolinic acidf 

0 

25 

0 

Nicotinunc “ t 

0 

17 

101 


* 10 mg weighed accurately and diluted to 100 ml 1 ml (100 y) treated and 
diluted as necessary for assay 
t Heated 1 hour as above 


Recoveries of Added Nicotinic Acid — The recovery of the growth factor 
added to an unknown is considered one test of the validity of a microbio- 
logical method Table III shows the recoveries of nicotinic acid added 
to whole wheat, Wilson’s liver powder 1 20, and dried yeast Each value 
is the average of duplicate determinations The average recovery value 
of 96 8 per cent is considered satisfactory 
Specificity of Test — In order to gam information on the specificity of the 
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nicotinic acid molecule for Tonda cremons, the activity of a number of 
related substances was determined as shown in Table IV To detect 
any possible inhibitory effects the quantities of the compound tested were 
superimposed on known amounts of nicotinic acid No inhibition was 


Table V 

Effect of Acid and Alkali on Nicotinic Acid Activity of Trigonelline and 
N l Methylnicolmamide Chloride * 


Treatment! 

Trigonelline 

N 1 Methylmcotinamide 
chloride 

None 

81 3 

0 

HiO, 1 hr 

91 5 

0 

1 N HiSO <( J hr 

85 0 

74 0 

2 11 tl 1 “ 

91 6 

91 0 

4 << «« i <« 

85 4 

89 5 

1 “ NaOH 1 » 

56 8 

59 6 

2 “ “ 1 » 

4 7 

6 5 

3 “ “ 1 “ 

0 

0 

4 «* « i tt 

0 

0 


* Assuming nicotinic acid to be 100 per cent and comparing on a molar basiB 
1 100 7 autoclaved at 120° with 60 ml of the liquid 


Table VI 


Assay of Known Mixture of Nicotinic Acid, Trigonelline, and 
N l Methylnicolmamide Chloride 


Compound I 

Amount found* | 

Corrected valuef 

Nicotinic acid 

7 

100 1 

7 

100 

Trigonelline 

96 

105 

N* Methylmcotinamide chloride 

87 

96 


* Amount present, 100 y The experimental values are obtained in terms of 
nicotinic acid, which serves as the standard These values have been converted here 
to the equivalent weights of trigonelline and N 1 methylmcotinamide chloride 
respectively 

t The transformation by 2 n sulfuric acid of trigonelline and N 1 methylmcotin- 
amide chloride to nicotinic acid or a compound of nicotinic acid activity is only 91 6 
and 91 per cent complete respectively (Table V) The trigonelline value is therefore 
divided by 0 916 and the N 1 methylmcotinamide value by 0 91 to give the corrected 
values 


observed Because the activity of the naturally occurring trigonelline and 
N'-methylmcotmamide would seriously limit the use of the method for 
nicotinic acid assay, inactivation of these compounds was studied with 
the results shown in Table V 
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Assay of Mixtures of Nicotinic Acid, Trigonelline, and N-Methylmc- 
ohnamide — The data of Table V suggest that differential assay of these 
three compounds may be possible To test this a synthetic mixture con- 
taining 100 7 each of nicotinic acid, trigonelline, and N^methylmcotmamide 
chloride was prepared This was subjected to treatment with (a) 50 
ml of water, ( b ) 50 ml of 2 n sulfuric acid, and (c) 50 ml of 3 n sodium 
hydroxide, and autoclaved at 15 pounds for 1 hour The solutions were 
neutralized, diluted, and assayed by the yeast method The activity of 
solutions treated as m (a) should be due to nicotinic acid and trigonelline, 
the activity in (5) to all three compounds, and the activity m (c) to nico- 
tinic acid alone (Table V) By successive subtractions the activity due 
to each of these compounds can be dete rmin ed The results of the assay 


Table VII 

24 Hour Excretion of Nicotinic Acid Derivatives by Normal Male Adults 


Method 

Niacin 1 
derivatives* 

Trigonelline 

N* Methyl 
mcotin 
amide 


mg 

mg 


Yeaat growth (1 subject) 

1 1 

7 8 


Chemical (14) f (2 subjects) 

1 28 

12 7 

EH 


* In both cases this refers to both mcotmic acid and nicotinamide 
t The figures in parentheses refer to the literature 


of this known mixture are shown m Table VI It appears that in pure 
solutions the three compounds are readily determined with fair accuracy 
These treatments and the method of calculation were then applied to 
urine with the results shown in Table VII Comparative data obtained 
chemically by Perlzweig and Huff (14) are also included 

DISCUSSION 

The yeast method described does not appear to offer any basic advantages 
for accurate estimation of nicotinic acid over the bacterial methods now 
in use, however, the particular adaptability of this method for turbidi- 
metnc determination of yeast growth renders the method more rapid and 
convenient In the author’s experience turbidity measurements of bac- 
terial growth are complicated by the appieciable color and the frequent 
presence of a precipitate m the bacterial medium The yeast medium, 
on the other hand, is clear and colorless 
The validity of strong alkali treatment of samples-is well supported 
Oser el al (15), confirmed by Andrews el al (16) and Krehl and Strong 
(17), have demonstrated a bound form of mcotmic acid in natural sub- 
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stances which is not available to Lactobacillus arabinosus unless treated 
with acid or alkali Krehl el al (18) have shown that this bound form is 
active for the dog and chick and recommended autoclavmg with alkali 
or acid to liberate it A similar situation exists for diethylmcotmamide 
(coramine) This compound has been shown to be active for dogs and 
humans (19, 20), however, it is inactive for microorganisms unless treated 
with alkali (21) 

The specificity of the method is supported by the following observations 
There is no “drift” in calculated assay values wuth increasing test levels, 
no change is observed with changes in conditions, i e temperature, extend- 
ing time of test, and size of inoculum, nicotinic acid may be recovered 
from natural products without appreciable loss, assays are m essential 
agreement with those obtamed with the bacterial method, and the in- 
terference of known naturally occurring substances can be eliminated 

The activity of nicotinamide as shown m Table IV does not present 
a criticism of the method, as the nicotinic acid content of substances is 
generally accepted to include the free acid and the amide Of the naturally 
occurring substances, besides trigonelline and N'-methylnicotinamide, 
only those which can be readily hydrolyzed to give nicotinic acid are active 

Because mcotinomtrile, coramine, methyl and ethyl mcotinate, and 
quinolinic acid do not occur in nature (22), the activity of these compounds 
is not considered a disadvantage of the method 

It is recognized that the experiments on the assay of mixtures of nico- 
tinic acid, trigonelline, and N'-methylmcotinamide chloride are prelimi- 
nary in nature Further studies on the validity of the procedure and 
the significance of the low values obtamed for trigonelline and iNP-methylmc- 
otinamide in unne are planned It seems unlikely that other compounds 
should occur m urine and have the same activity that FP-methylmcotm- 
amide exhibits toward Torula cremoris This compound, originally in- 
active, is activated by acid and weak alkali and inactivated by strong 
alkali The activity of the closely related betaine, trigonelline, is dis- 
tinctively different If future work substantiates the specificity of the 
procedure for assay of mixtures, the method should prove useful m excretion 
studies 

SUMMARY 

A microbiological method for the deter min ation of nicotinic acid with 
a yeast, Torula cremoris, is presented The method is rapid, 16 to 18 hours 
bemg allowed for growth, and possesses the advantage of ease of estimation 
of growth response by turbidimetnc means The method satisfies the 
usual criteria of specificity The use of the method for the differential 
assay of nicotinic acid, trigonelline, and N'-methylmcotinamide m mixtures 
is indicated 
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BIOCHEMICAL TRANSFORMATIONS AS DETERMINED BY 
COMPETITIVE ANALOGUE-METABOLITE 
GROWTH INHIBITIONS 

IV PREVENTION OF PANTOTHENIC ACID 
SYNTHESIS BY CYSTEIC ACID* 

By JOANNE MACOW RAVEL and WILLIAM SHIVE 

( From the Clayton Biochemical Institute and the Department of Chemistry, 

The University of Texas, Austin) 

(Received for publication, August 13, 1946) 

The study of the metabolism of cells by a method termed inhibition 
analysis (1-3) led to the initial proposal that the antibacterial index (4) 
is a function of the inhibited enzyme system which becomes the limiting 
factor for growth of the organism It was further proposed that if the 
product of this enzyme system is supphed to the organism the analogue 
either becomes ineffective as a growth inhibitor or at higher concentrations 
affects another enzyme system In the latter case a higher antibactenal 
index, corresponding to this second enzyme system, is obtained Pre- 
cursors of the metabohte may be effective in preventing inhibition of 
growth by the analogue over a range of concentrations, depending upon 
the effectiveness with which they are transformed into the metabohte 

In the present investigation paralleling recent work on the inhibition 
of growth of Escherichia coli with hydroxyaspartic acid (1), cysteic acid 
was found to inhibit growth of that orgamsm but only in the absence of 
/3 alanine or pantothenic acid The inhibition was competitively pre- 
vented by aspartic acid, hence, because of the structural similarity of 
cysteic acid and aspartic acid, it appears that the enzyme system converting 
aspartic acid to /3-alanme was blocked by the inhibitor An unusual 
result was obtained with glutamic acid which was found in many tests to 
be more effective than aspartic acid m preventmg the toxicity of cysteic 
acid In order to investigate further what appears to be greater activity 
of a precursor with respect to the metabohte, tests determining the com- 
parative effects of aspartic acid, glutamic acid, a-ketoglutanc acid, and 
mixtures of a-ketoglutanc acid and aspartic acid were earned out 
simultaneously 

Cysteic acid also inhibits the growth of Lactobacillus casei, Lactobacillus 
arabinosus 17-5, and Leuconostoc mesenteroides P-60, and in all cases the 
inhibition is reversed competitively by aspartic acid but not by glutamic 

•For the most part from a thesis submitted by Joanne Macow Ravel to The Uni- 
versity of Texas in partial fulfilment of the degree of Master of Arts, February, 1949 
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acid Details of these experiments and their implications are presented 
below 


EXPERIMENTAL 

Materials — a-Ketoglutanc acid was prepared by a combination of the 
methods of Blaise and Gault (5) and Gabriel (6) 

Table I 


Effects of Aspartic Acid, fl-Alaninc, and Pantothenic Acid on Toxicity of Crjstcic Acid 

for Escherichia colt 
Incubated 16 hours at 37-38° 



/ Cystcic acid 

Reversing agent 

Galvanometer readings* 

Z-Aspartic acid 

y per 10 cc 

0 

y per 10 cc 

0 

52 0 



0 

53 5 


300 

0 

5 5 


0 

30 

50 0 


300 

30 

52 0 


1,000 

30 

2 5 


0 

100 

5-1 0 



100 

51 0 



100 

2 0 



300 

54 0 



300 

49 0 



300 

1 0 




1 0 


1 

■m, i 

2 0 


Antibactenal index, 30 co 


Pantothenic acid 

0 

1 0 

55 0 


10,000 

1 0 

53 0 


30,000 

1 0 

14 0 


100,000 

1 0 

2 0 

/3-Alamne 

0 

10 

53 0 


10,000 

10 

53 0 


30,000 

10 

22 0 


100,000 

10 

6 0 


Antibacterial index, >3000 in presence of /3 alanine or pantothenic acid 


* A measure of culture turbidity, distilled water leads 0, an opaque object 100 


dZ-“para”-Hydroxyaspartic acid was prepared by the method of Dakin 
(7) Only this isomer was used in the tests described in this investigation 
Z-Cysteic acid monohydrate was prepared from Z-cystine by the method 
described by Clarke (8) 
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Testing Methods — Tests with Escherichia coll were performed as pre- 
viously described (1) The casern hydrolyzed with trypsin was omitted 
from the basal medium For lactic acid bacteria, a previously described 
procedure was used (9) with a basal medium containing no aspartic acid 
Time and temperature of mcubation are given m Tables I to IV 

Results — The results as shown in Table I indicate that cysteic acid is 
toxic to Escherichia colt and that the toxicity is prevented competitively 
by aspartic acid, the antibacterial index being approximately 30 The 
antibacterial index vaned from one test to another but was usually m 
the range of 30 to 100 However, no inhibition of growth was obtained 
m a medium containing 1 y of pantothemc acid or 10 y of /3-alanine until 
irreversible toxicity with respect to aspartic acid, pantothemc acid, or 
/S-alanme was attained at levels of cysteic acid varying from 30 to 300 mg 
per 10 cc 

The inhibition of growth of Lactobacillus casei and Lactobacillus 
arabinosus 17-5 by cysteic acid is shown in Table II The inhibition is 
prevented competitively in both cases by aspartic acid The antibacterial 
index is approximately 300 with either organism Similar tests with 
Leuconostoc mesenterotdes P-60 gave analogous results with an antibacterial 
index of about 1000 0-Alamne had no effect on the toxicity of cysteic 
acid for Lactobacillus arabinosus, the only species of lactic acid bacteria 
so tested 

The comparative effects of aspartic acid, glutamic acid, a-ketoglutanc 
acid, and a mixture of aspartic acid and a-ketoglutanc acid on the toxicity 
of cysteic acid and hydroxyaspartic acid for Escherichia coli are shown m 
Tables III and IV In order to standardize the results, simultaneous 
tests inoculated from the same culture of the organism were repeated 
several times Some generalizations can be made concerning the results 
of these tests In regard to inhibition of growth with cysteic acid, the 
following comparisons can be made with regard to the effectiveness of 
these matenals in reversing the toxicity (1) Aspartic acid prevented 
the inhibition competitively, the antibacterial index being approximately 
30 and sometimes near 100 (2) Glutamic acid was about 3 times as 

effective as aspartic acid in preventing the inhibition, but often showed 
some decrease m activity at higher concentrations, 300 y per 10 cc (3) 
a-Ketoglutanc acid was approximately as effective as aspartic acid in 
reversing the inhibition, however, at concentrations of 100 to 300 y per 
10 cc the keto acid appeared to become progressively less effective (4) 
Mixtures of a-ketoglutanc acid and aspartic acid were equally, if not 
more, effective than amounts of glutamic acid from which such mixtures 
could be denved by transamination Regarding inhibition of growth of 
Escherichia coli with hydroxyaspartic acid, the following generalizations 
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can be made (1) Aspartic acid reversed the inhibition competitively, 
the antibacterial index bemg 10 to 30 (2) Glutamic acid was approxi- 

mately as effective as aspartic acid, except at higher concentrations, 


Table II 


Growth Inhibition by Cyateic Acid and Its Reversal by Aspartic Acid 


l Cyateic acid 

l Aspartic acid 

Galvanometer readings 

Lactobacillus casct* 

Lactobacillus arabinosui\ 

y per 5 cc 

0 

1 per 5 cc 

0 

13 6 

32 0 

0 

10 

37 5 


100 

10 

20 0 


300 

10 

18 0 


1,000 

10 

15 2 


3,000 

10 

5 0 


0 

30 

56 2 

52 0 

300 

30 

22 8 

37 0 

1,000 

30 

17 0 

26 2 

3,000 

30 

6 0 

9 5 

10,000 

30 

4 0 

5 0 

0 

100 

60 0 

57 0 

1,000 

100 

47 0 

59 0 

3,000 

100 

29 8 

40 6 

10,000 

100 

19 0 

16 0 

30,000 

100 

9 0 

8 2 

0 

300 

61 0 

69 7 

3,000 

300 

59 0 

67 0 

10,000 

300 

62 0 

47 0 

30,000 

300 

32 0 

26 0 

100,000 

300 

14 5 

11 2 

300,000 

300 

8 0 

6 0 

0 

600 

62 2 

76 0 

6,000 

600 

62 2 

70 2 

20,000 

600 

60 5 

57 0 

60,000 

600 

31 5 

29 5 

200,000 

600 

7 6 

6 2 

100,000 

10,000 

36 5 

7 2 

100,000 

30,000 

47 5 

7 0 

Antibacterial index 


300 Ca 

300 Ca 


* Incubated 3 days at 37-38° 
t Incubated 18 hours at 30° 


100 to 300 7 per 10 cc , at which the relative activity of glutamic acid 
steadily decreased with mcreases in concentration (3) a-Ivetoglutanc 
acid was approximately as active as aspartic acid only at very low con- 
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Tabib III 

Comparative Effects of Aspartic Acid , Glutamic Acid, and a Keloglutaric Acid on 
Toxicity of Cysleic Acid for Escherichia colt 


Incubated 16 hours at 37-38° 


l Cysteic acid 

Galvanometer readings 

/ Aspartic acid 

/-Glutamic acid 

a Ketoglutaric acid* 

l Aspartic acid and 
a ketoglutaric acid* 

0 y per 10 cc 

7 per JO cc 





0 

44 0 




30 

46 0 




100 

7 0 




300 

3 0 





10 y per 10 cc f 


0 

45 0 

45 0 

44 0 

47 0 

100 

42 0 


43 0 


300 

6 0 

40 0 

10 0 

37 0 

1,000 

3 0 

19 0 

6 0 

8 0 



9 0 


3 0 



3 0 


2 0 

30 y per 10 cc f 

0 

44 0 

45 5 

44 0 

44 0 

300 

38 0 

42 0 

41 5 

41 0 

1,000 

7 5 

26 5 

6 0 

41 0 

3,000 

4 2 

13 0 

5 0 

14 5 

10,000 


6 0 


4 5 


100 y per 10 cc t 


0 

44 5 

46 0 

44 0 

47 0 

1,000 

42 0 

44 8 

41 0 


3,000 

6 0 

42 5 

IS 0 

40 0 

10,000 

2 0 

7 0 

40 

14 0 

30,000 


3 0 

i 


5 0 

300 y per 10 cc t 

0 

45 0 

wgm 

wmam 

45 0 

3,000 

44 2 

HI:'. 

mKm Wm 

44 8 

10,000 

3 5 

ESI'" 


43 2 

30,000 


m 

■HI 

4 8 


Antibacterial index, 30 Ca 


* Autoclaved separately and added aseptically to the sterilized medium 
t For the mixture of 2 aspartic and a ketoglutaric acids, the indicated weight of 
each waa added 
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Table IV 


Comparative Effects of Aspartic Acid, Glutamic Acid, and a Ketoglutanc Acid on 
Toxicity of Hydroxyaspartic Acid for Escherichia colt 
Incubated 16 hours at 37-38° 


dl para 

Hydroxyaspartic 

acid 

Galvanometer readings 

/ Aspartic acid 

/ Glutamic acid 

a Ketoglutanc acid* 

l Aspartic acid and 
a ketoglutanc 
acid* 

0 7 per 10 cc 

7 per 10 cc 





0 





30 





100 

9 8 





1 5 




10 7 per 10 cc f 

0 

44 0 

44 0 

44 3 

— 

30 

43 0 

45 0 

44 0 


100 

35 0 

42 4 

25 5 

IKHSu' 

300 

6 0 

5 0 

3 2 

11 0 

1000 

2 0 

1 2 

2 0 

2 0 

30 7 per 10 cc f 

0 

46 0 

47 8 

48 0 

46 0 

100 

42 5 

41 0 

42 0 

43 0 

300 

15 0 

10 0 

8 0 

21 0 


3 0 

1 5 

2 0 

9 0 


1 5 

1 5 

2 2 

2 7 

100 7 per 10 cc t 

0 

44 0 

45 0 

47 0 

47 5 

■ 

43 0 

43 5 

44 0 

44 0 


27 0 

31 0 

14 5 

31 0 

■ 

13 0 

2 0 

2 0 

19 0 

1 

3 7 

1 5 

2 0 

12 0 

300 7 per 10 cc f 

0 

45 0 

47 7 

47 0 

47 0 

100 

43 5 

47 5 

44 0 

43 5 

300 

40 0 

45 0 

18 0 

42 0 

1000 

24 0 

2 0 

2 0 

30 5 

3000 

19 0 

1 5 

3 0 

29 0 


Antibacterial index, 10-30 


* Autoclaved separately and added aseptically to the medium 
f For the mixture of l aspartic and a ketoglutanc acids, the indicated weight of 
eaoh was added 
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centrations, 10 y per 10 cc , and further increases m the concentration of 
the keto acid had little effect on the to\icity of hydroxyaspartic acid 
(4) Mixtures of a-ketoglutanc acid and aspartic acid were little if any 
more active than the amount of aspartic acid m the mixture 

Separate experiments indicated that several other metabolites are 
somewhat effective in reversing the toxicity of cysteic acid for Escherichia 
colt Among these were thiamine, leucine, asparagine, arginine, proline, 
hydroxyprolme, isoleucine, and valine 

DISCUSSION 

The competitive cysteic acid-aspartic acid growth inhibition obtained 
with Escherichia colt appears to be a function of the enzyme system which 
decarboxylates aspartic acid to /3-alanine As no other enzyme system 
utilizing aspartic acid is blocked by cysteic acid, the addition of /S-alamne 
or pantothemc acid to the medium supplies the limiting factor for growth , 
hence, cysteic acid is then no longer toxic at any level up to 30 mg per 
10 cc , at which level it is irreversibly toxic with respect to aspartic acid, 
j3-alanme, or pantothemc acid In other words, cysteic acid prevents 
only one necessary reaction of aspartic acid, its decarboxylation to /S- 
alanine, in Escherichia colt It has not been determined whether cysteic 
acid is decarboxylated to taurme by the enzyme and merely occupies 
the enzyme during the reaction or whether cysteic acid forms a complex 
with the enzyme which does not react further 

The inhibition of growth of Lactobacillus casei, Lactobacillus arabmosus, 
and Leuconostoc mesenteroides with cysteic acid is competitive m nature, 
that is, aspartic acid and cysteic acid appear to compete for a common 
enzyme which performs some function of aspartic acid This function 
is not /S-alamne synthesis m the case of Lactobacillus arabmosus 

The enhanced effect of glutamic acid over aspartic acid in reversing 
cysteic acid toxicity for Escherichia coh is indeed an unusual effect, that 
of a precursor of a metabohte bemg more active than the metabolite m 
reversing an inhibition Two explanations for this effect have been 
considered The first is that a-ketoglutanc acid is converted into glutamic 
acid by an enzyme system of which the keto acid is the limiting factor 
As Escherichia coh is known to contam transaminase (10), the conversion 
of the glutamic acid to aspartic acid and more a-ketoglutanc acid would 
take place rapidly The a-ketoglutanc acid could then be used agam, 
the limiting factors for this cycle bemg the rates of the reactions and the 
utilization of glutamic acid and a-ketoglutanc acid for other purposes 
m the organism By such a process, glutamic acid could show a greater 
activity than aspartic acid The second explanation is that a-ketoglutanc 
acid or some closely related compound may mcrease the enzyme concen- 
tration of the system which decarboxylates aspartic acid 
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A study of the comparative effects of aspartic acid, glutamic acid, and 
a-ketoglutaric acid on the toxicity of cysteic acid and hydroxyaspartic 
acid for Escherichia colt was made as indicated in Tables III and IV m 
order to determine which, if either, of these two explanations might be 
correct A mixture of a-ketoglutaric acid and aspartic acid is equally, 
if not more, effective than glutamic acid m preventing the toxicity of 
cysteic acid Hence, an initial transamination reaction which is known 
to be rapid for enzyme preparations from Escherichia coh (10) is indicated 
The effect of glutamic acid, a-ketoglutanc acid, and a mixture of a-keto- 
glutanc acid and aspartic acid on the toxicity of hydroxyaspartic acid 
shows that the enhanced effect of glutamic acid over aspartic acid does 
not exist with this inhibitor If an increased production of enzyme had 
resulted, the effect of increased activity of the glutamic acid should be 
common to both inhibitors since they apparently prevent the functiomng 
of the same enzyme under the testmg conditions (1) It might be expected 
that precursors of aspartic acid should act similarly m preventing the 
toxicity of each inhibitor However, the relatively high activity of a - 
ketoglutanc acid in reversing the toxicity of cysteic acid and the low activity 
of that keto acid m reversing the toxicity of hydroxyaspartic acid appear 
to result from the variation in the ability of the organism to transform 
a-ketoglutanc acid into glutamic acid in the presence of the inhibitors 
Such a variation in activity could be explained either by hydroxyaspartic 
acid directly or indirectly inhibiting this transformation or by cysteic 
acid aiding the conversion Cysteic acid and a-ketoglutaric acid have 
been shown to undergo transamination m the presence of some enzyme 
preparations (11) Further study is being given this aspect of the problem 

Grateful acknowledgment is made to Dr Beverly M Guirard for valu- 
able help with much of the testing 

SUMMARY 

The toxicity of cysteic acid for Lactobacillus arabinosus, Lactobacillus 
casei, Leuconostoc mesenteroides, and Escherichia coh is prevented competi- 
tively by aspartic acid, the antibacterial indices being approximately 
300, 300, 1000, and 30, respectively 
Cysteic acid prevents the synthesis of pantothenic acid m Escherichia 
coh by blocking an enzyme of the system which decarboxylates aspartic 
acid to form 0-alamne Either (3-alanme or pantothenic acid completely 
prevents the toxicity of cysteic acid up to levels of 30 mg of inhibitor 
per 10 cc At this level, cysteic acid is irreversibly toxic with respect to 
aspartic acid, /S-alanme, or pantothenic acid 

Glutamic acid is about 3 times as effective as aspartic acid in preventing 
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the toxicity of cysteic acid for Escherichia call A study of the comparative 
effects of aspartic acid, glutamic acid, a-ketoglutanc acid, and mixtures 
of a-ketoglutanc acid and aspartic acid on the toxicity of cysteic acid 
and hydroxyaspartic acid is reported Some explanations of the enhanced 
effect of glutamic acid over aspartic acid on the toxicity of cysteic acid 
are discussed 
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THE EFFECT OF DIETARY PROTEIN UPON AMINO ACID 
EXCRETION BY RATS AND MICE* 

B?H E SAUBERMCH and C A BAUMANN 

(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 

(Received for publication, August 19, 1946) 

Recent progress in microbiological determinations of individual amino 
acids (1) suggests their application to problems in animal metabolism 
Previous communications from this laboratory dealt with tryptophane in 
blood and urine (2, 3) The present study involves sixteen ammo acids in 
the urine of rats and mice fed diets containing 10 or 50 per cent of casern 
For this study existing procedures for certain of the ammo acids were 
used directly, or they were adapted to other acids, e g , to cystme, prolme, 
tyrosine, and aspartic acid, standard organisms and media were used 
throughout Parallel chemical measurements were made of the a-ammo 
nitrogen in the same specimens of unne 

Methods 

Care of Animals— Groups of weanling Sprague-Dawley rats were kept 
singly in screen bottom cages Albino mice were kept in groups of three 
to five in similar cages Food and water were given ad libitum, and the 
animals were weighed at weekly intervals The diets contained 10 or 50 
per cent of purified casern (4), 4 per cent of salts (5), 5 per cent of corn oil 
(Mazola), a synthetic vitamin mixture (3), and glucose to 100 per cent 
1 part of halibut liver oil was added to 1000 parts of the corn oil used The 
animals were maintained on these diets for at least 2 months before the 
urrne w r as collected At this time the rats weighed approximately 200 gm 
and the mice 25 gm 

Individual rats or groups of three to five mice were placed in metabolism 
cages fitted with an outside feeder The urrne was collected under a small 
amount of toluene, and after 24 hours the funnels were rinsed with a 
minimum amount of distilled water, the urrne was removed, and the col- 
lection was contmued for 6 days Thus four pooled samples of urine were 
obtained, two equivalent to 30 mouse days each from mice on 10 or 50 

* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station This investigation was aided by grants from the Jonathan Bow- 
man Fund for Cancer Research and from the Wisconsin Alumm Research Foundation 

We are indebted to Betty Steele for assistance with some of the assays, and to Dr 
B S Schweigert who was associated with certain initial phases of these experiments 
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per cent of casein respectively, and two others equivalent to 48 rat days 
each, from rats on the two levels of protein The samples were preserved 
at 0° under toluene 

In addition to the analyses of the pooled samples many determinations 
were also made on 24 hour specimens of urme from individual rats or groups 
of three mice each The variations within groups for the percentage of 
any ingested ammo acid excreted on a given diet were often wide, eg, 
from 0 4 to 1 6 per cent of leucine daily per rat on 10 per cent of casein 
The average of six determinations, however, was 1 0 as compared to 1 17 
on a pooled sample from rats on the same diet For all other amino acids 
for which individual analyses were run, satisfactory agreement was also 
obtained between the averages of individual analyses and the results ob- 
tained on the pooled samples of urine 

Determination of Ammo Acids — The methods used are essentially those 
reported previously (6-8) Lactobacillus arabinosus, Streptococcus faecalis, 
and Leuconosloc mesenteroides were grown on appropriate media (Table I) 
from which the ammo acid being determined was omitted All cultures 
were mcubated for 72 hours at 37° and the acidity produced was measured 
by titration Medium I was ordinarily used for Lactobacillus arabinosus 
(6), Medium II (7) for S faecalis, and Medium III (8) for Leuconosloc 
mesenteroides The latter medium could also be used for Lactobacillus 
arabinosus m the determination of certain of the ammo acids (Table II) 
Media IV and V were used with either Lactobacillus arabinosus or Leuconos- 
loc mesenteroides, and with suitable changes m the buffers, as in Medium II, 
these media were also found to be suitable for acid production by S faecalis 

In contrast to Media I, II, and III, in which the ammo acids were 
supplied as such, most of the ammo acids in Media IV and V were present 
m the form of casein which has been hydrolyzed with HC1 Medium IV 
has been used previously m the determination of tryptophane (3, 9) 
Medium V contamed a similar hydrolysate which, however, was prepared 
from casern that had previously been oxidized with hydrogen peroxide m 
formic acid solution (10) This procedure largely destroys cystine, 
methionine, and tryptophane (10, 11) The hydrolysate from such casein 
proved to be suitable for the determination of each of these ammo acids, 
provided the others were added to the medium, in addition, Medium V 
also contamed added senne, proline, tyrosine, lysine, and glycine The 
crude Medium V is not only less expensive than the synthetic Media I to 
III, but it has yielded more consistent results for the determination of cys- 
tine and methionme than the other media attempted by us In principle, 
it should, of course, be possible to determine these ammo acids with syn- 
thetic media, and methionine, for example, has already been so determined 
(12-15) However, commercially available ammo acids apparently are 
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Table I 


Media for Microbiological Assays for Ammo Acids ( All Made Up to 500 Ml )* 



Medium I 

Medium II 

Medium III 

Medium IV 

Medium V 


tn( 

mt 

«r 

m( 

mg 

Amino acids 






dl Leucine 

200 

200 

CH< 



dl Isoleucine 

200 

200 




di-Valine 

200 

200 

200 



Z(— ) Cystine 

100 

200 

200 

100 

100 

dl Methionine 

100 

100 

200 

i 


dZ-Tiyptophane 

50 

100 

100 

50 


Z(— ) Tyrosine 

50 

100 

100 



dl Phenylalanine 

100 

100 

100 



Z(+) Glutamic acid 

400 

400 

400 



dl Threonine 

200 

200 

200 



dl a Alanino 

200 

100 

200 



l Asparagine 

200 

200 

200 



Z(+) Lysine hydrochloride 

1 

1 




H,0 

200 

[ 200 

200 


100 

l(+) Arginine hydrochlor 


1 




ide 

50 

50 

100 



l(+) Histidine hydrochlor 






ide H,0 

50 

50 

100 



<K-Senne 

50 

50 

200 


100 

Glycine 

20 

20 

100 


100 

Z(— ) Proline 

50 

60 

50 


50 

Hydrolyzed oxidized casein 





5,000 

“ regular “ 




5,000 


Glucose 

20,000 

20,000 


20,000 

\ i HfSSHI 

Sodium acetate 

20,000 


20,000 

20,000 

>- 1 KVa IBB 

" citrate HjO 


25,000 




Salts A 






KHjPOi 

500 


500 

500 

500 

K,HPO< 

500 

5,000 

500 

500 

BOO 

Salts B 






MgSO, 7H,0 

200 

200 

200 

200 

200 

FeSO, 7HjO 

10 

10 

10 

10 

10 

MnSO, 4HjO 

10 

10 

10 

10 

10 

NaCl 

10 

10 

10 

10 

10 

Purines and pyrimidines 






Ademne sulfate 2HjO 

10 

10 

10 

10 

10 

Guamne HC1 2H t O 

10 

10 

10 

10 

10 

Uracil 

10 

10 

10 

10 

10 

Xanthine 

10 

10 

10 

10 

10 

Vitamins 






Thiamine hydrochlonde 

0 5 

0 5 

Kl 

0 5 

0 5 

Pyndoxine hydrochlonde 

1 0 

1 0 

HI 

1 0 

1 0 
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Tadll I — Concluded 



Medium I 

Medium II 

Medium III 

Medium IV 

Medium V 

Vitamins — Continued 

m 

mg 

mg 

mg 

mg 

dl-Calcium pantothenate 

0 5 

0 5 


0 5 

0 5 

Riboflavin 

0 5 

0 5 

ini 

0 5 

0 5 

Nicotinic acid 

1 0 

1 0 


1 0 

1 0 

p-Aminobenzoic acid 

0 1 

0 1 


0 1 

0 1 

Biotin 

0 001 

0 001 


0 001, 

0 001 

Folic acid 

0 010 

0 010 


0 010 

0 010 


* In all determinations 1 ml of medium was added to 1 ml of liquid containing 
the aliquot of urine being assayed 


not always free from cystine and methionine (15), and synthetic media 
prepared from ceitain lots of commercial acids have yielded abnormally 
high blanks when cystine or methionine was omitted Furthermore, 
n regular responses have been observed when graded amounts of cystme 
were added to certain synthetic media, on the othei hand, uniform re- 
sponses to either amino acid were observed when they were added to the 
cruder Medium Y 

Standard methods were employed for growing the culture organisms and 
for inoculating the samples For the determination of any given ammo 
acid in urine, the urine was diluted as necessaiy and bi ought to a pH of 
7 0 Urme from mice fed 10 per cent of casein was diluted approximately 
10-fold, while urme from mice fed 50 per cent of casein was dduted 50-fold 
Rat urme, which usually contams one-half or less of any given ammo acid 
than urme from mice on a comparable diet, was diluted about one-half as 
much as the corresponding mouse urme In any determination, amounts 
of the diluted urme, rangmg from 0 1 to 1 0 ml , weie added to 1 0 ml of 
the medium and the volume of the mixture was brought to 2 0 ml with 
distilled water Accompanying tubes containing giaded supplements of 
the ammo acid being determined yielded the standaid curve on which 
calculations were based The standard usually consisted of synthetic 
dl acids, but calculations were based on the l isomei only (1, 14, 16), for 
arginine, cystme, glutamic acid, lysme, and tyrosine, the l forms were 
used directly 

In general, the dilutions chosen were such that all of the aliquots used in 
the determmations (from 0 1 to 1 0 ml of diluted urme) yielded values 
corresponding to the usable part of the standard curve With Leuconosloc 
mesenleroide s, only amounts conesponding to the lower portion of the curve 
were used for the calculations The organism, medium, and effective 
range of concentration used for each ammo acid are listed m Table II The 
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standard curve for every acid was completely regular and approximately 
linear for the lower two-thirds of the concentration ranges listed 


Table II 

Organisms and Media Used in Determination of Specific Ammo fields 


Anuno acid 

Organism used 

Standard 
curve 
range per 
tube 

Medium 

Argimne 

Streptococcus faccahs 

7 

0-20 

I, synthetic 

Aspartic acid 

Leuconostoc mesenleroides 

0-10 

III, synthetic, phosphate 

Cystine 

tt tt 

0-10 

increased 4 times 

V 

Glutamic acid 

S faecahs 

0-60 

II,* synthetic 


Lactobacillus arabtnosus 

0-60 

I,* 

Histidine 

S faecalis 

0-20 

tt << 

Isoleucme 

Lactobacillus arabinosus 

0-25 

I, 

Leucine 

n a 

0-25 

tt ft 

Lysine 

Leuconostoc mesenteroides 

0-30 

III, “ 


S faecalis 

0-30 

II, 

Methionine 

Lactobacillus arabinosus 

O- 5 

V 


S faecalis 

0-10 

“ citrate buffer 

Phenylalanine 

Lactobacillus arabinosus 

0-10 

I, synthetic 

Prolme 

Leuconostoc mesenleroides 

0-20 

III, 

Serine 

tt (( 

0-20 

tt tt 

Threonine 

S faecalis 

0-20 

II, 

Tryptophane 

Lactobacillus arabinosus 

0- 2 

IV 


S faecalis 

0- 2 

“ citrate buffer 

Tyrosine 

Leuconostoc mesenleroides 

0-20 

III, synthetic 


Lactobacillus arabinosus 

0-20 

I, 

Valine 

tt ft 

0-25 

tt tt 


* 10 7 of glutamine and 6 mg of NHjCl added per tube 


Results 

All of the ammo acids studied were found m rat urine, although the 
amounts were often small, ranging from 0 17 mg of microbiologically 
available tryptophane to 3 8 mg of glutamic acid excreted daily by rats 
on 10 per cent of casern The differences between acids appeared to be 
primarily a reflection of the composition of the protem ingested, casern, in 
which glutamic acid happens to be particularly high The percentages of 
ingested ammo acid excreted m the urine ranged from 0 3 per cent for lysine 
to 1 6 per cent for prohne The apparent percentage for the excretion of 
cystine was still higher, but most of this amino acid was fed in the free 
form rather than combined as protem, and hence the data on cystme may 
not be directly comparable with the other values 








422 


AMINO ACIDS IN URINE 


Rats fed 50 per cent of casern excreted larger amounts of each ammo acid 
than rats on 10 per cent of casern For example, 0 37 mg of histidine was 
excreted daily on 10 per cent of casein, as compared to 1 16 mg daily on 50 
per cent of casein (Table III), although the urinary excretion of aspartic 
acid was not very different on the two levels of casern, 0 26 and 0 32 mg per 
day respectively The percentages of the ingested ammo acids excreted 
by the rat were invariably lower on the high protein diet than on the low 

Table III 


Microbiologically Available Ammo Acids in Urine of Rais Fed 10 or SO Per Cent of 

Casein* 


Amino acid 

Amino 

acid 

content of 
casein 

10 per cent casein diet 

50 per cent casein diet 

Amvno 

acids 

ingested 

daily 

Amino 

acids 

excreted 

daily 

Ingested 

amino 

acid 

excreted 

Amino 

acids 

ingested 

daily 

Amino 

acids 

excreted 

daily 

Ingested 

amino 

acid 

excreted 


per cent 

ms 

ms 

per cent 

ms 

ms 

per cent 

Arginine 

3 7 

46 4 

0 42 

0 91 

229 

1 16 

0 50 

Aspartic acid 

6 3 

79 0 

0 26 


392 

0 33 

0 08 

Cystine* 

0 36 

(17 1) 

(0 42) 

(2 46) 

(35) 

(0 69) 

(1 98) 

Glutamic acid 

21 5 

269 6 

3 80 


1334 

11 59 

0 87 

Histidine 


33 9 

0 37 

1 09 

169 

1 16 

0 69 

Isoleucine 


81 8 

0 68 

0 83 

403 

1 44 

0 36 

Leucine 


124 2 

1 46 

1 17 

594 

4 33 

0 73 

Lysine 

7 a 

95 5 

0 30 

0 31 

472 

1 04 

0 22 

Methionine 

3 0 

37 6 

0 26 

0 69 

186 

0 50 

0 30 

Phenylalanine 

6 2 

65 2 

0 52 

0 79 

322 

1 69 

0 52 

Proline 

8 2 

102 8 

1 64 

1 61 

509 

4 55 

0 89 

Serine 

6 4 

80 2 

0 94 

1 17 

397 

0 73 

0 18 

Threonine 

3 7 

46 5 

0 74 

1 58 

230 

2 28 

1 1 01 

Tryptophane 

1 2 

15 1 

0 17 

1 15 

75 

0 59 

0 78 

Tyrosine 


70 2 

0 67 

0 97 

435 

2 44 

0 56 

Valine 


81 0 

0 51 

0 60 

415 

0 87 

0 21 


*The diet contained 0 1 per cent Z(— )-cystine, in addition to that contained in 
the casein Since some may have spilled, values for cystine are m parentheses 


protem diet Thus, 1 4 per cent of the glutamic acid ingested in the low 
casern diet appeared in the urine in contrast to 0 87 per cent of that ingested 
on the high casern diet For a typical essential amino acid, histidine, the 
percentages excreted were 1 1 and 0 7 per cent of the amounts ingested on 
the low and high protein diets, respectively The percentages of ingested 
aspartic acid and senne excreted by rats on the high protein diet were par- 
ticularly low, 0 08 and 0 18 per cent, respectively A few observations on 
urine from rats fed 20 per cent of casern indicated that the percentages of 
ammo acids excreted lay between those obtamed on the diet containing 10 
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and 50 per cent of casern respectively Taken collectively, neither the 
amounts nor the percentages of the non-essential ammo acids excreted 
were significantly different from those for the essential ammo acids (Table 
HI) 

In Ime with our previous observations on tryptophane (3), a much larger 
percentage of the other amino acids ingested appeared in the free or micro- 
biologically available form m mouse urine than in rat urine On the 10 per 


Table IV 

Microbiologically Available Ammo Acids in Urine from Mice Fed 10 or SO Per Cent of 

Casein* 


10 per cent casern diet 


50 per cent casein diet 


Amino acid 

Amino acid 

ingestedt 

daily 

Amino acid j 

excreted . 
daily 

Ingested 

amino acid 
excreted 

Amino acid ! 
ingestedt 
daily 1 

Ammo acid 
excreted 
daily 

Ingested 
ammo acid 
excreted 



mt \ 

per 

cent ] 

mg 


per 

cent 

Arginine 

12 

03 

0 66 | 

5 

50 

60 

1 

m 


3 

28 

Aspartic acid 

20 

48 

0 20 

1 

01 

102 

8 

n 

H 

1 

18 

Cystine* 

(4 

42) 

(0 34) 

(7 

80) 

(9 

1) 

(i 

02) 

(11 

25) 

Glutamic acid 

69 

88 

2 52 

3 

61 

349 

4 

n 

25 

3 

22 

Histidine 

8 

80 

0 27 

3 

15 

44 

9 

i 

21 

2 

69 

Isoleucine 

21 

13 

0 46 

2 

20 

105 

6 

2 

71 

2 

57 

Leucine 

32 

18 

0 96 

3 

00 

160 

9 

4 

85 

3 

02 

Lysine 

24 

70 

0 53 

2 

14 

123 

2 

2 

52 

2 

04 

Methionine 

11 

38 

0 25 

2 

22 

56 

8 

1 

26 

2 

20 

Phenylalanine 

16 

90 

0 46 

2 

74 

84 

50 

1 

79 

2 

12 

Proline 

26 

65 

1 03 

3 

88 

133 

2 

5 

25 

3 

94 

Senne 

20 

80 

0 84 

4 

06 

104 

0 

3 

30 

3 

17 

Thieonine 

12 

03 

0 51 

4 

25 

60 

0 

2 

38 

3 

96 

Tryptophane 

3 

90 

0 09 

2 

39 

19 

5 

0 

44 

2 

28 

Tyrosine 

18 

20 

0 35 

1 

98 

91 

0 

1 

79 

1 

98 

Valine 

21 

78 i 

0 54 

2 

48 

108 

8 

2 

68 

2 

47 


•The diet contained 0 1 per cent !(— ) cystine, in addition to that contained in 
the caeein Since some may have spilled, values for cystine are in parentheses 
t Calculated from the percentages of amino acids in casein listed in Table III 


cent casein diet, the percentages appearing m mouse urine ranged from 1 0 
per cent for aspartic acuLto-5 5 per cent for arginine (Table IV) On the 
50 per cent casein diet, the percentages of excretion ranged from 1 2 per 
cent for aspartic acid to 3 9 per cent for threonine All other amino acids 
yielded intermediate values, except cystine, which was present m the diet 
in the free form 

The similarity in the percentage of excretion of amino acids by mice on 
the two levels of protein (Table IV) may be related to the observation that 
adult mice apparently thru e on both diets (4) It is of interest that mice 
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not only excrete a higher percentage of ingested protein as free ammo acids 
than do rats, but that the amounts of microbiologically available ammo 
acids excreted daily on a given level of protein were frequently greater for a 
25 gm mouse than for a rat weighing nearly 10 times as much Thus oa 
the high protein diet, mice excreted 2 0 mg of arginine daily as compared to 
1 16 mg for rats For aspartic acid, the figures were 1 2 mg for mice and 
only 0 33 mg for rats For all other ammo acids, the amounts of free acid 
excieted by the mice were at least as great or greater than those excreted 
by the rat (Tables III and IV) This difference between species has al- 
ready been the subject for speculation m the case of tryptophane (3) The 
higher percentages of ammo acids excreted by the mouse might imply a 
lower efficiency of utilization, possibly associated with the fact that the 
mouse ingests much larger amounts of food m terms of its own body weight 
than does the rat The difference may also be related to the higher met- 


Table V 

a-Ammo Nitrogen Excreted Daily by Rats and Mice, As Determined 
by Various Methods 



Calculated from 
microbiological 
determination 

Copper method 

Van Slyle 
HNO» 

Formol 


mg 

mg 

mg 

mg 

Rats on 10% casein 

1 6 

2 6 

2 95 

11 0 

“ “ 50% “ 

4 1 

7 5 

29 1 

53 3 

Mice “ 10% “ 

1 2 

2 6 

4 43 

4 3 

“ “ 50% “ 

5 4 

6 1 

21 3 

26 2 


abohc rate of the mouse The major difference, however, is that rat unne 
contains a higher proportion of peptides (see below) 

a-Ammo Nitrogen — a-NHj nitrogen in the pooled samples of urine was 
determined by formol titration (17), by the HNOs method of Van Slyke 
(18), and by the copper method of Pope and Stevens (19, 20), and the 
results were compared with those calculated from the total a-amino N m 
the ammo acids determined microbiologically For purposes of calculation 
the percentage excretion of mgested glycine and alanine was assumed to be 
the same as the average for the other ammo acids m any given specimen of 
urme 

Each of the chemical determmations yielded the same qualitative 
results as those obtained microbiologically (Table V), namely, that the 
amount of a-ammo N excreted in the urme was roughly proportional to 
the protem content of the diet, and further that the mouse excreted a 
higher proportion of mgested protem as the free ammo acids than the rat 
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However, wide discrepancies were observed between the amounts of a- 
amino nitrogen as determined on any sample of urine by the various meth- 
ods (Table V) The values obtained by the copper method were roughly 
double those calculated from microbiological results, the other methods 
yielded figures for a-amino nitrogen that were 2- to 12-fold those calculated 
from microbiological results The formol titration yielded the highest 
values, the nitrous acid method was next, while the copper method was the 
lowest This is m line with the observations of Van Slyke, MacFadyen, 
and Hamilton (21) and of others (19) that the former two methods respond 
to substances other than free ammo acids, including the terminal groups 
in peptides 

The presence of peptides in rat and mouse urine was demonstrated by 
hydrolyzing the urine with 10 per cent HC1 for 5 hours at 15 pounds pres- 

Table VI 


Effect of Hydrolysis upon a Ammo Nitrogen and Certain Ammo Acids in Urine 
The values are measured in mg per day 



a Ammo N* 

Histidine 

Threonine 

Before 

After 

Before 

After | 

Before 

After 

Rats on 10% casein 

2 6 

9 9 

0 31 

0 87 

1 91 

5 52 

“ “ 50% “ 

7 5 

34 3 

1 08 

2 98 

5 4 

13 6 

Mice “ 10% " 

2 6 

5 0 

0 49 

0 76 

2 25 

3 32 

“ “ 50% '• 

6 1 

12 8 

0 69 

0 91 

4 23 

8 05 


* Copper method used 


sure m the autoclave (14) Following hydrolysis the a-amino nitrogen 
content of mouse unne was doubled (Cu method), from 2 6 to 5 0 mg 
daily per mouse on 10 per cent of casern, and from 6 1 to 12 8 mg per day 
per mouse on 50 per cent of casern (Table VI) The effect of hydrolysis 
was still more pronounced on rat urine Rats on 10 per cent of casern 
excreted 2 6 mg of “free” a-amino nitrogen daily, after hydrolysis the same 
specimen contained 9 9 mg In unne from rats on 50 per cent of casern a 
daily specimen contained 7 5 mg before hydrolysis and 34 3 mg thereafter 
In other words, the a-ammo mtrogen of rat urine was increased 4-fold by 
hydrolysis 

Preliminary determinations of individual ammo acids revealed that the 
hydiolysis had increased the amounts that are microbiologically available 
For histidine the increases averaged 40 per cent for mouse urme, and 180 
per cent for rat unne (Table VI), for threonine the increases averaged 68 
and 170 per cent respectively for urme from the two species 
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DISCUSSION 

That individual amino acids may appeal m normal urine has been sug- 
gested in several previous studies m which either chemical (22, 23) or 
microbiological (2, 3) methods of determination were employed The 
new results indicate the presence m urme of all of the common amino acids 
for which suitable analytical methods are available Presumably glycine, 
alanine, and hydroxyprohne, the acids not determined, are also present 

While some diffeiences between ammo acids appear to exist as far as the 
percentage excretion of ingested acid is concerned, it is also evident from 
the piesent results that at least three general conclusions can be drawn 
(a) that the amount of microbiologically available ammo acids appearing 
n the mine depends upon the amount ingested as dietary protein, (6) that 
the mouse excretes more free ammo acid than the rat, and (c) that many 
ammo acids appear in urme m a bound form, presumably m peptide 
linkages 

Chemical methods for a-amrno mtrogen in urme yield higher values 
than those calculated from microbiological determinations of individual 
amino acids One possible explanation could be the presence of d-amino 
acids in urme Such acids would not be detected by the three strains of 
organisms used in the present assays (14), although they would of course 
be recorded in the chemical tests Certain amino acids of the d series are 
said to be excreted almost quantitatively v hen the corresponding dl acid 
is fed (24, 25) Apparently the mechanism for excreting d acids is efficient, 
but whether any d acid is formed at all when a natural protein such as 
casein is metabolized remains to be demonstrated 

Another possibility is that urme contains inhibitors, e g , urea, that 
restrict the growth of the assav organism In the present study, however, 
the dilution of the urines analyzed was so great that the inhibiting effects 
were no longer evident Recoveries of added phenylalanine, for example, 
ranged from 93 to 107 per cent, and essentially the same values were ob- 
tained when the determinations were made over a 10-fold range of dilution, 
equivalent to 0 01 to 0 1 cc of rat urme (10 per cent casein) per 2 ml of 
assay medium 

The most important cause of the discrepancy between chemical and 
microbiological results is the presence of peptides m urme, as demonstrated 
by the increase in a-ammo nitrogen and m individual ammo acids after 
hydrolysis The terminal acids m the peptides probably respond to most 
of the chemical procedures employed They might also respond in certain 
microbiological determinations, although peptides such as glutamylglu- 
tamic acid and glutamyltyrosme, which do not replace glutamic acid m the 
growth of Lactobacillus arabinosus (26), are piobably more typical of ammo 
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acids in general It is doubtful whether the method for a single ammo 
acid has been studied adequately for the influence of compounds other 
than the one being determined, and it might be questioned whether abso- 
lute value should be ascribed to the results of mici obiological assays on so 
complex a mixture as urine On the other hand, the parallelism observed 
in the present study between the amounts of protein mgested and the 
amounts of ammo acids excreted m microbiologicnlly available form sug- 
gests that the assays yield results that are at least roughly quantitative 

SUMMARY 

1 Rats and mice Mere fed semisynthetic diets containing 10 or 50 per 
cent of casern and the amounts of each of sixteen amino acids in the urine 
were determined miciobiologically The amounts excreted m micro- 
biologically available form depended upon the amounts mgested as pro- 
tein Rats excreted an average of 0 1 to 1 6 per cent of the amounts 
mgested, mice excreted 1 0 to 5 5 per cent 

2 No significant differences were observed between the amounts and 
percentages of the non-essential ammo acids excreted and those of the 
essential ammo acids 

3 Chemical determinations of a-ammo nitrogen yielded significantly 
higher values than those obtained microbiologicnlly The presence of 
peptides m urine was demonstrated by large mcreases both m a-amino 
nitrogen and m microbiologically available ammo acids after hydrolysis 
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THE PARTIAL REPLACEMENT OF DIETARY PHENYL- 
ALANINE BY TYROSINE FOR PURPOSES 
OF GROWTH* 

By MADELYN WOMACK and WILLIAM C ROSE 

( From the Division of Biochemistry, Noyes Laboratory of Chemistry, University of 

Illinois, Urbana) 

(Received for publication, August 19, 1946) 

In the preceding paper of this senes, Rose and Womack (1) have shown 
that, under certain specified conditions, the minimum level of phenylala- 
nine which is capable of supportmg maximum growth in weanling rats on 
a tyrosine-free diet is approximately 0 9 per cent This proved to be 
true of b6th Z(— )- and df-phenylalanine, and thereby demonstrated that 
the optical isomers of this ammo acid possess, within the limits of accuracy 
of the method, essentially equal nutntive value for the species m question 
The present paper is concerned with the possibility of replacing part of 
the dietaiy phenylalanine by tyrosine Elsewhere, we have shown that 
the replacement of practically all of the phenylalanine of the food by 
tyrosine occasions a rapid loss in body weight (Womack and Rose (2)) 
This was interpreted as indicating that the hydroxyl group of tyrosine 
does not readily undergo reduction in vivo On the other hand, evidence 
exists (Moss and Schoenheuner (3)) for the reverse change, the oxidation 
of phenylalanine to tyrosine 1 In view of this fact, one would expect 
that the inclusion of tyrosine in the food would lower the phenylalanine 
requirement by sparing the conversion of the latter into the former The 
experiments outlined below confirm this hypothesis, and indicate that 
approximately half of the phenylalanine may be replaced by its p-hydroxy 
derivative 


EXPERIMENTAL 

Young rats served as the experimental subjects, and were housed m 
individual cages Food and water were kept m the receptacles at all 
times Thus, the animals were able to eat and drink ad libitum. The 
amino acids which furnished the nitrogen of the diets were purified invari- 
ably until they yielded correct analytical values 
The ammo acid mixture (Mixture XX-b) was identical m composition 

* Aided by grants from the Rockefeller Foundation and the Graduate School Re- 
search Fund of the University of Illinois 
‘Additional evidence for the synthesis of tyrosine m vivo will be presented in a 
later paper 
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with that employed in the preceding paper (Rose and Womack (1)) It 
was devoid of both phenylalanine and tyrosine but contained seventeen 
amino acids The basal diet was Diet 2 of Rose and Womack (1) It 
carried 16 7 per cent of Mixture XX-b, equivalent to 10 5 per cent of 
physiologically active amino acids When phenylalanine and tyrosine 
were mcorporated m the food, they replaced an equal weight of dextrin 
The shght variations in dietary nitrogen thereby occasioned were without 
significance in the final results 

When the investigation herein described was m progress, attention was 
also bemg directed toward an improvement m the make-up of the pills 
used as sources of the i\ ater-soluble vitamins Before crystalline vitamins 
became available m abundance, adequate supplementation of amino acid 
diets, without the introduction of too much nitrogen of an unknown nature, 
presented an almost insuperable difficulty In the current study, three 
formulas were used m preparing the vitamin supplements For conveni- 
ence in reference each type is numbered, and its composition is given 
below 


Daily Vitamin Intakes 

Vitamin Supplement 1 — 150 mg of milk concentiate and 100 mg of 
tikitiki extract 

Vitamin Supplement 2 — 25 mg of ryzamm-B, 22 mg of wheat germ oil, 
and 20 y each of thiamine hydrochloride, riboflavin, and nicotinic acid 

Vitamin Supplement 3 • — 20 y each of thiamine hydrochloride, nicotinic 
acid, and pyridoxine hydrochloride, 40 y of riboflavin, 100 y of calcium 
d-pantothenate, 10 mg of chohne chloride, 3 mg of p-ammobenzoic acid, 
10 mg of inositol, 50 mg of wheat germ oil, and 25 mg of Wilson’s liver 
powder 1 20 

The figures represent daily intakes In each type, the ingredients 
specified were mixed with a little dextrin, moistened with watei, and 
rolled into pills Two pills, each containing half of the daily allotment, 
were administered to each animal daily No detectable differences were 
observed in the growth effects of Supplements 1 and 2 under the conditions 
in which they were employed Supplement 3 is superior to the others, 
and consequently permits more rapid gams in weight However, all 
comparisons between different levels of phenylalanine or tyrosme were 
made with a single vitamin supplement, as mdicated in Tables I to III. 

The first series of tests had to do with the influence of different levels of 
phenylalanine upon growth when the diet contained a liberal amount 
(0 8 per cent) of tyiosine Tlnee litters of animals were employed foi 
this puipose, and the results are summarized m Table I For the con- 
venience of the reader, the average gam on each level of phenylalanine is 
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shown, although we recognize fully that small differences in such averages 
are not significant since the number of animals in each group is necessanly 
small 


Table I 

Effect of Phenylalanine on Growth When Diet Contains 0 8 Per Cent of l(—)-Tyrosme 
Each experiment covered 28 days 


Litter No 

Rat No 
and sex 

Total pain 
in weight 

Average 

Total food 
intake 

Ammo acid 
supplement! 
^/-phenylalanine 

JMJ 


tm 



per cent 


35S3 o' 

-4 

— 

IBB-- 

0 1 


3584 9 

-3 

9BMI 


0 1 


35S5 9 

-4 


53 

0 1 


3586 d' 

24 


87 

0 3 


3587 9 

23 


84 

0 3 


3588 9 

33 

26 7 


0 3 


3589 o’ 

53 



0 5 


3590 9 

46 


151 f 

0 5 


3591 9 

54 

51 0 

172f 

0 5 


3652 9 

51 


144 

0 4 


3653 o’ 

44 


135 

0 4 


3651 o’ 

45 

46 7 

148 

0 4 


3655 9 

44 


133 

0 5 


3656 <? 

45 


138 

0 5 


3657 o' 

42 

43 7 

148f 

0 5 


3658 9 

36 


133 

0 7 


3659 o' 

55 


153 

0 7 


3660 o' 

41 

44 0 

128 

0 7 


5112 9 

47 


115 

0 4 


5113 9 

48 


134t 

0 4 


5114 o' 

48 


123 

0 4 


5115 o’ 

51 

48 5 

130 

0 4 


5116 9 

51 


137 

0 5 


5117 9 

46 


131 

0 5 


5118 9 

48 


146 

0 5 


5119 o' 

53 

49 5 

159f 

0 5 


5120 9 

51 


148 

0 7 


5121 9 

50 


146 

0 7 


5122 o' 

52 

51 0 

147 

0 7 








* Vitamin Supplement 1 

t The animal scattered food, the recorded intake is probably too high 


An examination of the data in Table I reveals several interesting facts 
In Litter 1, 0 1 per cent of phenylalanine was insufficient to prevent losses 
in weight despite the presence in the diet of 0 8 per cent of tyrosine This 
confirms the earlier report of Womack and Rose (2) that tyrosine is m- 
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capable of replacing phenylalanine in the organism of the rat With 
higher levels of dietary phenylalanine growth occurred, and the magnitude 
of the gam was distinctly greater with 0 5 than with 0 3 per cent In 
Litters 2 and 3, the gams upon diets containing 0 5 and 0 7 per cent of 


Table II 

Growth on Different Proportions of Phenylalanine and Tyrosine 


Each experiment covered 28 days 


Litter 

No 

Rat No 
and sex 

Total gain 
m weight 

Total food 
intake 

Amino acid supplements 



gtn 

gm 



4* 

3825 9 

40 

mm 

1 0% di-phenylalamne 


3826 O' 

34 

mm 

1 o% 

it 


3827 <f 

40 

121 

1 0% 

It 


3828 c? 

54 

140 

1 0% 

ti 

Average 

42 0 




3829 9 

45 

126 

1 0% rfZ-phenylnlanme + 0 6% l{— )-tyrosine 


3830 <? 

48 

138 

1 o% 

“ +0 6% 


3831 & 

33 

108 

1 o% 

“ +0 6% 


3832 cf 

41 

124 

1 o% 

“ +0 6% 

Average 

41 8 



St 

5762 9 

14 

89 

0 5% dl-phenylalamne 


5763 9 

11 

84 

0 5% 

tt 


5764 c? 

14 

94 

0 5% 

tt 


5765 cf 

20 

107 

0 5% 

tt 

Average 

14 8 




5766 9 

55 

153 

0 5% dl phenylalanine + 0 8% I(— )- tyrosine 


5767 9 

55 

147 

0 5% 

“ +0 8% 


5768 9 

66 

166 

0 5% 

“ +0 8% 


5769 cf 

79 

200 

0 5% 

“ +0 8% 

Average 

63 8 




* Vitamin Supplement 2 
t Vitamin Supplement 3 


phenylalanine were not significantly superior to the gams upon 0 4 per 
cent Thus, when sufficient tyrosine is included m the food the phenylalanine 
requirement for maximum increases in weight is reduced about half (from 0 9 
per cent to approximately 0 4 per cent) 

Further evidence as to the r61e of tyrosine m growth is shown by the 
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data in Table II When the diet contained an adequate amount of phen- 
ylalanine (I 0 per cent), as was the case with Litter 4, the addition of 
tyrosine failed to accelerate the rate of gam Thus, tyrosine stimulates 
growth only when phenylalanine is furnished m suboptimal amounts On 
the other hand, a diet carrying slightly more than half the phenylalanine 
required in the absence of tyrosine (Litter 5, Table II) permitted very 
poor growth as compared to the gams when tyrosine also was mcluded 


Table III 

Effect of Tyrosine on Growth When Diet Contains 0 4 Ter Cent of dl Phenylalanine 


Each experiment covered 28 days 


Litter No 

Rat No 
and sex 

Total gam 
»n weight 

Average 

Total food 
intake 

Ammo acid 
supplement 
f( — ; tyrosine 



tttt 


tin 

■ mm 

6* 

3841 9 

20 


121 

1 . 


3842 d" 

24 


111 

mm 1 


3843 c? 

21 

21 7 

105 



3844 9 

35 


I40t 



3845 o' 

39 


134 

■Hi 


3816 o' 

37 

37 0 

134f 



3847 9 

45 


128 

■Cl 


3818 o' 

44 


rnt 

■mi 


3849 o' 

44 

44 3 

130f 


7* 

3897 9 

37 


130f 

BIS 


3898 cf 

42 


148 



3899 o' 

46 

41 7 

161 

0 3% 


3900 9 

41 


152f 

0 4% 


3901 o' 

39 


114 

0 4% 


3902 o' 

42 

40 7 

129 

0 4% 


3903 9 

45 


169f 

0 5% 


3904 o' 

45 


145t 

0 5% 


3905 o' 

46 

45 3 

154f 

0 5% 


* Vitamin Supplement 2 

t The animal scattered food, the recorded intake is probably too high 


In the final senes of tests the procedure was the reverse of that employed 
in the experiments recorded in Table I Instead of furnishing a constant 
excess of tyrosine with varying levels of phenylalanine, the diet now con- 
tamed 0 4 per cent of phenylalanine with diffenng percentages of tyrosine 
The results upon two fitters are presented m Table III In Litter 6, each 
increment of 0 2 per cent m the tyrosine content of the food induced an 
increase in growth In Litter 7, the tyrosine increments were 0 1 per 
cent, and the differences m total gains were not so pronounced But 
even here, 0 5 per cent appears to be slightly superior to either of the 
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lower levels Thus, the supplementing action of tyrosine in the presence 
of a partial deficiency of phenylalanine is again manifested Evidently, 
the relationship of these ammo acids to each other, m so far as growth is 
concerned, is precisely the same as that which exists between methionine 
and cystine, except that m the latter case only about one-sixth of the 
minimum methiomne requirement can be served by cystme (c/ Womack 
and Rose (4)) 


SUMMARY 

Experiments involving the use of otherwise adequate diets containing 
varymg proportions of phenylalanine and tyrosine have demonstrated 
that in the rat tyrosine is capable of stimulating growth only when phen- 
ylalanine is furnished in suboptimal amounts 

In this species, the mclusion of appropriate quantities of tyrosine in 
the food reduces the minimum phenylalanine requirement for maximum 
gams, as determined m the absence of tyrosine, from about 0 9 per cent 
of the diet to approximately half this figure 
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THE ANTAGONISM OF SULFONAMIDE INHIBITION OF 
CERTAIN LACTOBACILLI AND ENTEROCOCCI BY 
PTEROYLGLUTAMIC ACID AND 
RELATED COMPOUNDS 

By J O LAMPEN and M J JONES 

(From the Chemotherapy Division, Stamford Research Laboratories, American 
Cyanamid Company, Stamford, Connecticut ) 

(Received for publication, August 14, 1946) 

Several lines of evidence have indicated an interrelation between pteroic 
acid denvatives ( Lactobacillus casei factor, folic acid, etc ) and sulfonamides 
m bacterial metabolism Teply el al (1) demonstrated that the inhibition 
of Lactobacillus arabirCosus by sulfapyndme was reversed by a factor in 
hver extract w Inch resembled folic acid Also, Miller (2) found the syn- 
thesis of folic acid by Escherichia colt to be inhibited by sulfanilamide 
Finally, Angler el al (3) recently demonstrated that the PABA 1 moiety 
occurs in the pteroic acid molecule PABA is known to antagonize sul- 
fonamides competitively (4) 

We have studied the effect of sulfonamides on the metabolism of pteroic 
acid derivatives both m organisms requiring the preformed molecules for 
grow th and in those able to synthesize their own requirements We have 
also investigated the possible antagonism of sulfonamides by these com- 
pounds and the mechanism of this antagonism where observed 

In this paper, the results obtained with certain lactobncilh and entero- 
cocci are presented A preliminary report of a portion of this work has 
previously been published (5) 


experimental 

Stock Cultures and Inocula — The various Iactobacilh and enterococci” 
were maintained as stabs in “A C broth experimental” (Difco) with 2 per 
cent agar and added liver extiact (6), or m a meat infusion medium con- 
taining (per 100 ml ) agar 1 5 gm , tryptone (Difco) 1 0 gm , glucose 0 1 

1 The following abbreviations are used throughout for the sake of brevity PABA, 
p anunobenzoic acid, PABG, p atninobenzoyl f(+)-glutamac acid, SA, sulfanila 
nude, SP, sulfapyndme, ST, sulfathiazole, SD, sulfadiazine 

* Streptococcus faecalis R is No 8043, Lactobacillus casei is No 7469, and Lacto 
bacillus plantarum is No 4943 of the Amencan Type Culture Collection Slrepto 
coccus faecalis (Ralston) was obtained from Dr E H Spaulding of Temple University, 
Philadelphia, Pennsylvania, the other enterococci from Dr C F Niven, Jr , of Cor 
nell University, Ithaca, New York, and Lactobacillus delbrucku LD5 and Lactobacillus 
bulgancus 05 from Dr J L Stokesof Merckand Company, Inc , Rahway, New Jersey 
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gm , K 2 HPOi 0 2 gm , CaC0 3 0 3 gra , and Bacto beef extract, 0 1 gm 
All of the organisms grew well on both media The meat infusion agar 
appeared slightly superior for the enterococci, however, and it was used 
for all cultures in the later stages of the work 
The organisms to be used as mocula were generally grown overnight on 
the A C broth-liver extract medium, centrifuged, washed with saline- 
phosphate buffer (6), and resuspended m the original volume of buffer 
This suspension was diluted 100-fold and 1 drop added per 10 ml of 
medium A detectable carryover of pteroic acid derivatives by this pro- 


Table I 

Constituents of Basal Medium, I 



Per liter 


Per liter 

Glucose 

m 

Guanine hydrochloride 


Sodium acetate 

6 

Uracil 

I 9 

Casein hydrolysate* 

mu 

Thiamine hydrochloride 

KB 

i-Tryptophane 

BO 

Riboflavin 

1 

Z-Cystine 

BO 

Calcium pantothenate 

1 

Asparagine 

BO 

Nicotinic acid 

1 


OB 

Pyndoxine 

2 

Salts At 

5 


7 

“ Bt 

5 

Biotin 

5 

Xanthine 

Adenine sulfate 

5 

5 

pH to 6 6-6 8 



* “Vitamin free” casein hydrolysate (General Biochemicals, Inc ) When neces 
sary, this material was freed of p-aminobenzoic acid by stirring for 30 minutes 
at pH 3 5 with 1 per cent Darco G-60 

t Salts A contains 25 gm of KjHPCh and 25 gm of KH 2 PO< dissolved in 250 ml 
of water Salta B contains 10 gm of MgSO« 7H s O, 0 5 gm of NaCl, 0 5 gm of 
FeSCh 7HjO, and 0 5 gm of MnSO* 4H 2 0 dissolved in 250 ml of water 

cedure occurred only with Streptococcus hquefaaens 815 and Streptococcus 
zytnogenes 26C1, both of which are able to grow without preformed pteroyl- 
glutamic acid (see below) Satisfactory organisms for mocula of these 
strains were grown on Basal Medium I (Table I) 

Media and Techniques — The constituents of Basal Medium I are listed in 
Table I This medium was employed m all experiments unless otherwise 
specified The purines and uracil were omitted from this to give Basal 
Medium II Unless otherwise indicated, all supplements were sterilized 
by autoclaving them after solution m the medium All cultures were in- 
cubated at 37° When turbidity was used as a growth criterion, this was 
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measured with a photronreflectometer (7) With our instrument, a read- 
ing of 40 is equivalent to an optical density of 0 056 and the relation between 
galvanometer deflection and cell concentration is linear up to a reading of 
about 80 

All values for the minimal effective concentrations are the concentrations 
required for half maximal inhibition Half maximal inhibition indicates 
the reduction of the turbidity or acid production at the given tune to one- 
half of that obtained in control tubes Half maximal antagonism indicates 
the production of one-half of the control turbidity or acid pioduction m the 
presence of amounts of inhibitor which would otherwise prevent visible 
growth 

Materials — Synthetic pteroylglutamic acid 3 was used m all experiments 
reported here The preparations of pteroyltnglutamic acid were isolated 
from a fermentation liquor They w ere crystalline and about 80 per cent 
pure, with the impurities largely ash Both materials contained 0 5 to 1 0 
per cent of free arylamine (as PABA 1 ) The quantities of the triglutamic 
acid used are given m terms of the pure compound Only one sample of 
pteroic acid was available This contained 6 per cent free arylamine (as 
PABA 5 ) Our sample of the glutamic acid polypeptide of PABA, isolated 
by Ratner el al (8), contained 7 0 per cent of bound PABA 6 

Results 

Effect of Sulfonamides on Streptococcus faecalis R and Lactobacillus 
casei — In preliminary experiments it was noted that the growth of Strepto- 
coccus faecalis R on a basal medium containing 0 003 y of pteroyltnglu- 
tamic acid per ml was not prevented by 1280 y of SD per ml , although the 
growth did appear to be somewhat slower The growth of Lactobacillus 
casei, L bulgancus 05, 7 L delbruckn LD5, 7 and L plantarum was unaffected 
by the same concentration of SD in a medium containing 0 0001 y of pteroyl- 

COOH O 

I II * 

3 HOOC — CH, — CH, — CH — NH — C — 


N-[4 ([(2 Aminov hydroxy-6 ptendyl)methyIIaminojbenzoyl]gIutamic acid (3) 

4 Dr B L Hutchings and Dr E L R Stokstad of the Lederle Laboratories, Inc , 
furnished the samples of pteroic acid and its derivatives and information concerning 
them 

* Determined in this Laboratory by Miss Barbara Wadsworth 

* Obtained from Dr D E Green of Columbia University, New York 

7 These organisms have recently been reported identical with Lactobacillus casei (9) 
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triglutamic acid per ml All of these organisms were similarly resistant to 
SD m the presence of 1 7 of thymine per ml 
A detailed study was made of the utilization by Streptococcus faecalis R 
of compounds related to pteroic acid and of the effect of sulfonamides on 
the growth of this organism The concentrations of the vanous substances 
required for half maximal growth at 24 hours are hsted m Table VII 
This strain showed a variable lag in growth m the presence of subop timal 
levels of pteroic acid For half maximal turbidity at 16 hours 0 0004 to 
0 0008 7 per ml was usually required When growth was measured after 
3 days, however, this compound appeared to be as active as pteroylglutamic 
acid This lag was not decreased by the addition of 0 2 mg of dl-alamne 

and 0 3 mg of norit-treated peptone per ml , as suggested by Teply and 

\ 

Table II 

Response of Streptococcus faecalis R to Compounds Related to Pteroic Acid m Presence 

of Sulfadiazine 

Turbidity readings (see the text) after 16 hours incubation 


Compound 



Sulfadiazine, y per ml 



0 

10 

100 

1000 

Pteroyltnglutamic acid 



16 

24 

6 




44 

50 

36 

Pteroylglutamic acid 



32 

33 

23 


0 0003 

74 

76 

73 

57 

Pteroic acid 

0 0002 

69 

60 

58 

0 


0 0006 

99 

92 

91 

75 

Thymine 

0 5 

34 

39 

43 

31 


3 0 

44 

43 

37 

45 


Elvehjem (10) in their assay procedure The rate of growth was optimal 
m the presence of excess pteroic acid (0 01 7 per ml ) The quantities of 
the other compounds needed for half maximal turbidity 01 acid production 
after 64 hours were geneially slightly less than at 24 hours The highest 
grow th level obtamed with thymine after 64 hours ranged between the half 
maximum and maximum in various experiments 
The data of Table II show that the turbidity attained by Streptococcus 
faecalis R on the pteioic acid derivatives after 16 hours v r as not lowered 
significantly by the presence of 10 01 100 7 of SD per ml With all of the 
compounds except thymine, the turbidities obtained were reduced by 1000 
7 of SD per ml The lag during growth on pteroic acid was slight in this 
experiment However, 1000 7 of SD per ml prevented for 16 hours the 
appearance of growth in the presence of 0 0002 7 of pteroic acid per nil 
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After 64 hours, about half of the control turbidity had been reached Slight 
inhibition by SD was still evident with the other compounds after 64 hours 
For half maximal acid production after 64 hours, Lactobacillus casei 
required the indicated concentration of any one of the following compounds 
pteroyltnglutnmic acid 0 00016 y per ml , pteroylglutamic acid 0 00008 y 
per ml , pteroic acid 1 y per ml , thymme 0 15 y per ml The acid pro- 
duction or turbidity in the presence of thymme alone did not exceed half 
maximum The growth of Lactobacillus casei in the presence of these 

Table III 


Response of Lactobacillus casei to Compounds Related to Pteroic Acid in Presence of 

Sulfadiazine 


Compound 

Basal 

medium 

No 

Hrs incu 
bation 

Turbidity readings 

0 

Sulfadi 

100 

ixine 7 

300 

per ml 

1000 

2000 


7 per rnj 

■i 







Pteroyltnglutamic acid 


mm 

24 

18 

15 


14 



0 0002 


40 

37 

38 


32 


Pteroylglutamic acid 


1 

24 

11 

13 


8 



0 00005 

mm 

40 

23 

25 


20 


Pteroic acid 


■I 

24 

11 

12 


9 




mm 

40 

25 

27 


22 


Thymine 

0 15 

1 

24 

6 

6 


4 



0 15 

1 

40 

33 

30 


28 


Pteroyltnglutamic acid 

0 00024 

n 

42 

18 


12 

9 

9 


0 00024 

11 

89 

51 


47 

37 

34 

Pteroylglutamic acid 

0 0001 

11 

42 

6 


11 

12 

5 


0 0001 

n 

89 

30 


40 

30 

23 

Pteroic acid 

1 0 

11 

42 

6 


9 

8 

3 


1 0 

11 

89 

19 


22 

18 

13 


substances was affected very httle by 100 7 per ml of SD m a medium 
containing the purines and uracil (Basal Medium I) Some inhibition 
occurred at 1000 y of SD per ml (Table III) 

Snell and Mitchell (11) reported that Lactobacillus casei was inhibited for 
36 hours on a purine-free medium by 1000 y of SA per ml This inhibition 
was partially antagonized by PABA or by the purines We tested the 
effect of 300 to 2000 y of SD per ml on the response of this organism to the 
pteroic acid compounds on a similar medium (No II) The data of Table 
III show that growth was reduced, although not completely prevented, by 
1000 to 2000 y of SD per ml Occasional stimulation of growth has been 
observed at submhibitory sulfonamide levels both with this organism and 
with Streptococcus faecalis R 
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The longer growth penods used with Basal Medium II (Table III) were 
necessitated by the fact that the grow th on the pteroic acid derivatives was 
much slower m the absence of the purines Approximately the same tur- 
bidity values were ultimately reached, however Table IV presents the 
data obtained with pteroyltnglutamic acid which are characteristic of the 
results with all three compounds As has previously been reported (12, 
13), the purines weie essential rather than stimulatory for the growth of 
either orgamsm on thymine, at least over the 72 hour period Adenine, 
guanine, \anthme, or hypoxanthine at 10 7 per ml could replace the com- 

Taele IV 


Effect of Purines on Response of Lactobacillus casei to Pteroyltnglutamic Acid and to 

Thymine 




Turbidity readings 

Ptcroyltriglu 
tarnic acid 

Thymine 

j Basal Medium 11 

Basal Medium II + purines* 



24 hrs 

72 hrs 

24 hrs 

72 hrs 

7 per ml 

0 00005 

7 per ml 

0 

3 

1 

2 

0 00020 


2 

17 

7 

12 

0 0010 


5 

69 

21 

69 

0 0050 


3 

82 

34 

86 


0 05 



1 

7 


0 15 



6 

33 


0 20 

0 

1 

17 

40 


1 0 

0 

0 

15 

37 


10 0 

0 

0 




*10v each of adenine, guanine, and xanthine per ml 


plete purine mixture for either orgamsm, whereas uracil or cytosine gave 
only a slight variable response 

An apparent antagonism by purines of the effects of 1000 7 of SD per ml 
could readily be obtained after 24 to 48 hours (Table III) because of the 
stimulation of the rate of growth by these substances When controls 
containing purines w r ere used for comparison, however, the effect of the 
SD was seen to be essentially unchanged PABA (1 7 per ml ) and dl- 
methionme (100 7 pei ml ), which did not stimulate growth in the presence 
or absence of purines, showed no apparent SD antagonism Our results 
are not entirely analogous to those of Snell and Mitchell, however, smee 
the giowth of their culture at 24 hours was not increased by the addition of 
purines Their strain was also more sensitive to the effects of the high 
sulfonamide concentrations 

Fiom the data with Streptococcus faecalts It and Lactobacillus casei we 
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conclude that the growth of these organisms and therefore their utilization 
of pteroic acid derivatives and thymine is essentially normal in the presence 
of therapeutic levels of SD Under our conditions, high concentrations 
of SD exert some non-specific inhibitory action which, at least with Lacto- 
bacillus casei, is not antagonized by PABA, methionine, or purines 
Sulfonamide Antagonism with Streptococcus faecahs ( Ralston ) — The data 
of Table V show that this organism, m contrast to Streptococcus faecahs R, 
grew slowly on Basal Medium I without added pteroic acid denvatives and 
that both the rate of growth and final grow th attained were increased by the 
addition of pteroyltnglutamic acid A number of othei related com- 
pounds were stimulatory The concentrations of these producing a 50 
per cent increase in turbidity at 24 hours are hsted in Table VII It ap- 


Table V 

Effect of Pteroyllriglulamic Acid on Growth of Streptococcus faecahs ( Ralston ) 


PtcroyltxigluUmlc acid 

Growth response* 

16 hrs (T) 

64 hrs (T) 

64 hrs (A ) 

y per ml 

0 0 

5 

24 

1 65 

0 0008 

6 

31 

1 65 

0 0024 

7 

26 

1 50 

0 008 

18 

43 

2 45 

0 08 

23 

55 

3 50 


* T , turbidity readings, A , ml of 0 1 N acid per 10 ml 


pears, therefore, that this organism synthesizes its own supplies of PABA 
and pteroic acid derivatives at a suboptimal rate 

It was found that the organism was extremely sensitive to sulfonamides 
when growing on Basal Medium I On the addition of 0 004 y of pteroyl- 
tnglutamic acid or 1 y of thymine per ml it became highly resistant to all 
four sulfonamides tested This concentration of pteroyltnglutamic acid was 
later found to be border line and the antagonism was not always complete 
The results with these and related compounds are summanzed in Table VI 
PABA at 0 005 y per ml had much less effect that did 0 004 y of pteroyl- 
tnglutamic acid per ml The result wuth 500 y of PABG (14, 15) per ml 
was the maximal antagonism obtained with this compound Xanthopterin 
was inactive alone and did not mcrease the antagonism by PABG A 
mixture of methionine, senne, glycine, and xanthine (16) was also inactive 
in this casein hydrolysate medium 

Table VII presents the lesults of a more detailed study of the antagonism 
of vanous levels of SD Relatively constant ratios of antagonist to SD 
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were obtained with PABA or PABG over a 1000-fold range of SD concen- 
tration Thus, the antagonism by these substances is competitive PABG 
had only about 0 1 per cent of the activity of PABA The antagonism by 
pteroyltnglutamic acid, pteroylglutamic acid, and thymine was non- 
competitive, je,a relatively constant amount was required to antagonize 
all levels of SD The pteroic acid sample gave a competitive antagonism 


Table VI 

Effect of Compounds Related to Pteroic Acid on Sulfonamide Inhibition 
of Streptococcus faecalis ( Ralston ) 


Sulfonamide 

Antagonist 

Minimal effective concentra 
tion of sulfonamide* 

16 hrs (T) 

64 hrs (T 
or A ) 




y per ml \ 

y per ml 

y per ml 

Sulfadiazine 




<0 Ol 

0 08 

tt 

Pteroyltnglutamic acid j 

0 OOl 

640 

>1280 

it 


it It [ 

0 008 

>1280 

>1280 

tt 

| Thymine 

1 0 

>12S0 

>1280 

It 


) Aminobenzoic acid 

0 005 

0 6 

5 


p-Aminobenzoyl-Z (+) - 

0 010 

0 04 

0 16 

ti 


glutamic acid 




it 


an 

500 

SO 

320 

It 

Xanthopterin 1 

500 

<0 Ol 

0 OS 



Xanthopterin 

500 





+ PABG 

500 

40 

320 



dZ-Methiomne 

10 



it 


dZ-Serine 

5 

0 08 

0 16 



1 Glycine 

5 





[Xanthine 

5 



Sulfanilamide 




0 16 

1 25 

« 

Pteroyltnglutamic acid 

o 001 

320 

> 12S0 

Sulfapyndine 




0 OS 

0 3 

ti 

Pteroyltnglutamic acid 

0 004 

6-10 

12S0 

Sulfathiazole 




0 Ol 

0 01 

it 

Pteroyltnglutamic acid 

0 004 

320 

6-10 


* T , turbidity as growth criterion, A , acid production as growth criterion 


It can be seen from Table VII that the activity of this sample is approxi- 
mately that expected from its content of free PABA No puier samples 
have been available for a more critical test of its antagonistic action but 
any inherent activity of the pteroic acid itself must be slight The amounts 
of the various compounds required for antagonism after 64 hours on the 
basis of acid production or turbidity were geneially one-tlnrd oi one-half 
of those listed in Table VII 
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In experiments with SA, n competitive antagonism was also obtained 
with PABA and PABG The relative activity of the two compounds was 
the same as that against SD This low activity of PABG m both experi- 
ments could well be due to contamination with free PABA (15) Pteroyl- 
tnglutamic acid at 0 004 to 0 008 y per ml gave non-competitive antago- 
nism of 6 to 3000 y of SA per ml 

The amounts of the various compounds required for growth stimulation 
with Streptococcus faecalis (Ralston) or for growth with Streptococcus 
faecahs R are also listed in Table VII The ampunts of thymine, pteroyl- 

Table VII 

Growth and Antisulfonamide Activity for Streptococcus faecahs Strains 
Turbidity at 24 hours was used as the growth criterion All values are in micro 
grains per ml 


Compound 

Requirement for ball maximal antagonism 

Requirement 
for growth 
stimulation! 

Require 
ment for 
half 

maximal 

growth 

1 

Sulfadiaz 

10 

me y per 

100 

ml 

1000 

p Anunobenzoic acid 


0 03 


3 

0 001 

Inactive 

p Ammobenzoyl i(+) glu 







tamic acid 

i 

30 



0 05 

it 

Pteroyltnglutamic acid 


0 004 



0 008 

0 003 

Pteroylglutamic acid 


0 0003 



0 0001 

0 00015 

Thymine 


0 25 


0 25 

0 25 

0 3-0 5 

Pteroic acid 


0 3 


30 

0 001-0 01 

0 0003 

Free p anunobenzoic acid 







in pteroic acid samples 


0 018 


1 8 




* The concentration of pteroyltnglutamic acid and thymine was varied in 2 fold 
steps The concentrations used with the other compounds were in the ratio of 
10 3 1, etc All antagonists were added as sterile solutions 

1 50 per cent increase in turbidity over that obtained on the basal medium 

glutamic acid, and pteroyltnglutamic acid needed for sulfonamide antago- 
nism approximate those required for growth or for growth stimulation 
Thus the utilization of these preformed compounds is apparently unaffected 
by the presence of the sulfonamide It is therefore concluded that under 
these conditions the synthesis of pteroylglutamic acid, etc , from PABA 
must be the pomt of sulfonamide inhibition 
Interrelations of Pteroylglutamic Acid, and Sulfonamides m Various Entero- 
cocci — Pairs of strains of Streptococcus faecalis, S zymogenes, and S durans 
were studied for their sulfonamide sensitivity One strain of each pair 
required preformed pteroylglutamic acid, whereas the other could synthe- 
size its own (17) A strain of S hquefaciens able to grow without added 
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pteroylglutamic acid was also studied No strains of this organism which 
require the preformed molecule have been described The growth require- 
ments and SD sensitivity of these cultures are presented m Table VIII 
None of the cultures requinng the preformed molecule was inhibited by 
1280 7 of SD pei ml Strains synthesizing pteroylglutamic acid were in- 
hibited by 0 3 to 0 6 7 of SD per ml , but became insensitive in the presence 
of the amount of the preformed molecule required for growth by the paired 
strain If mocula of Streptococcus liquefaciens 815 or Streptococcus zymo- 
genes 26C1 grown on A C Joroth were used, the minimal effective concentra- 
tion of SD m the absence of added pteroylglutamic acid was usually the 
same as that listed m Table VIII Light growth occurred, however, even 

Table VIII 

Activity of Sulfadiazine against Enterococcus Strains 
All values are expressed in micrograms per ml Turbidity used as growth cri- 
terion 


Culture 

Pteroyltriglutamic acid require 
ment, 64 brs 

Minimal effective concentration 
of sulfadiazine, 24 hrs 

Half maximal 
growth 

Maximal 

growth 

Basal Medium 

I 

Basal Medium 

I + 0 003 t 
ptcroyltriglu 
tamic acid 
per ml 

Streptococcus faecalis F24 

0 003 

0 008 


>1280 

“ “ Gly2 

0 

0 

0 3 

>1280 

“ zymogenes 5C1 

0 003 

0 009 


>1280 

“ “ 26C1 

0 

0 

0 6 

>1280 

“ durans 24P1 

0 002 

0 008 


>1280 

“ “ S10 

0 

0 

0 3 

>1280 

“ “ 9SA 

0 002 

0 008 


>1280 

“ liquefaciens 815 

0 

0 

0 6 

>1280 


with the highest SD concentration Tests employing mocula grown on 
Basal Medium I did not show this phenomenon It seems probable that 
these strains store sufficient pteroylglutamic acid, etc , during growth on 
the A C broth to support light growth subsequently in the presence of 
the SD 

It was noted that good giowth of the Streptococcus faecalis strains F24 
and Glv2 required 40 hours at pH 5 5 in contrast to 16 hours at pH 7 2, 
but that the requirements for pteroyltriglutamic acid were unaltered The 
sensitivity to sulfadiazine was also unchanged provided allowance was made 
for the lag in growth at the lower pH The apparent sensitivity of Strepto- 
coccus faecalis to sulfathiazole in urine at pH 5 5 repoi ted by Sung and 
Helmholz (18) may have been due to the delay m giowth occuirmg at this 
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pH or to non-specific effects of the high concentrations of sulfathiazole 
employed There appears to be no difference m the sulfonamide-pteroyl- 
glutamic acid interrelations at the lower pH 
Detailed experiments were performed with Streptococcus symogenes 
26C1 to check the type of antagonism obtained with the compounds related 
to pteroic acid (Table IX) The action of PABA and PABG was competi- 
tive, PABG was 0 2 to 0 3 per cent as active as PABA The glutamic acid 
polypeptide of PABA was almost completely inactive Ratner et al ( 8 ) 

Table IX 


Growth and Antisulfonamide Activity for Streptococcus zymogenes Strains 
All values are in micrograms per ml Turbidity at 34 hours used as growth 
criterion 


Compound 

Strain 26 C 1 

Strain 5C1 

Requirement 
for half 
maximal 
growth 

Requirement for half maximal antagonism 

j Sulfadiazine 7 per ml 

1 

1 10 

100 

1 1000 

p Aminobenzoic acid 

0 0005 

0 01 

0 1 

5 

Inactive 

p Aminobenzoyl 2(+)- 

0 3 

3 0 

100 

>300' 

it 

glutamic acid 






Glutamic acid polypeptide 

100 

>250 

>250 

>250 

ft 

of p aminobenzoic acid 






Pteroyltnglutamic acid | 

0 002 

0 004 

0 004 

0 008 

0 003 

Pteroylglutamic acid 

0 00005 

0 00005 

0 0001 

0 0001 

0 0001 

Thymine 

0 2 

0 2 

0 2 

0 2 

>300f 

Pteroic acid 

0 03 

0 1 

1 0 

3 0 

0 00013 

Free p aminobenzoic acid 

0 0018 

0 006 I 

0 06 

0 18 


in pteroic acid sample 


1 





* Toxic at concentrations above 300 y per ml 

f Thymine at 1 5 to 300 y per ml supported light growth (approximately 10 per 
cent of the maximum) which had not increased after 64 hours The addition of 
200 7 of dl alanine and 300 y of nont treated peptone per ml (10) did not improve 
the response 

have previously reported this substance to have no antisulfonamide activity 
Antagonism by pteroylglutamic acid and pteroyltnglutamic acid was non- 
competitive The quantities required were similar to those needed by 
strain 5C1 for half maximal growth Stokes (19) reported that thymine 
supported only hght growth of strain 5C1 This was confirmed m our 
tests The utilization of thymine by strain 26C1 appears normal, however, 
since a non-competitive antagonism of SD was readily obtained with 0 2 7 
of thymine per ml Pteroic acid showed in general a competitive type of 
action but its activity against the higher SD levels was definitely greater 
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than its free PABA content would lead one to expect This compound 
may have some inherent antisulfonamide activity with Streptococcus 
zymogenes 20C1 The amounts of the compounds required for antagonism 
after 64 horns on the basis of acid production or turbidity were again 
usually one-thud or one-half of those listed 

DISCUSSION 

The pnmary action of the sulfonamides under the conditions employed 
m the piesent study is duected against the synthesis of pteroylglutamic acid 
via PABA The effect of the sulfonamide is to produce a pteroylglutamic 
acid deficiency The antagonism of this induced deficiency by the addition 
of the prefoimed molecule is analogous to the correction of the natural 
deficiency by the pieformed molecule with organisms unable to synthesize 
pteroylglutamic acid Several similar non-competitive antagonisms have 
been demonstrated previously (20-23) It has also been possible to demon- 
strate non-competitive sulfonamide antagonism by pteroic acid derivatives 
or thymine with Lactobacillus arabmosus 8 

The lelative inactivity of pteioic acid in sulfonamide antagomsm cannot 
be explained at present With those strains requiring preformed pteroyl- 
glutanuc acid the conveision of pteroic acid topteioylglutamic acid which 
presumably occurs does not appear to be prevented by sulfonamides This 
conversion may not occur or may be sulfonamide-sensitive with the strains 
able to synthesize their own supplies of pteroylglutamic acid 

Pteroylglutamic acid did not antagonize the inhibition by sulfonamide of 
a series of othei orgamsms, e g Escherichia coh, Staphylococcus aureus , 
Diplococcus pneumoniae , etc 8 None of these oigamsms required preformed 
pteroylglutamic acid This is in accordance with the fact that pteroyl- 
glutamic acid is not known to interfere m sulfonamide theiapy with most 
oigamsms If the concentration of prefoimed pteroylglutamic acid in the 
body fluids is sufficient to support the giowth of the enterococci, our data 
indicate a possible explanation of the clinical insensitivity of these organisms 
to the sulfonamides (24) 


SUMMARY 

The giowth of Streptococcus faecalis R and Lactobacillus casei in the pres- 
ence of pteroic acid derivatives and thymine is lelatively msens'tive to 
sulfonamides At very high sulfonamide concentrations some growth 
inhibition does occui 

The inhibition by sulfonamides of Sh eptococcus faecalis (Ralston), which 
apparently syn thesizes its o\\ n i equirements of ptei oylglutamic acid at a 

* Lampen, J 0 , and Jones, M J , to be published 
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suboptimal rate, is antagonized non-competitively by pteroyJglutamic acid, 
pterovltriglutamic acid, and thymme The amounts of these compounds 
required by the Ralston strain for sulfonamide antagonism or for growth 
stimulation approximate those required by Streptococcus faecahs R for 
grow th 

Enterococcus strains which require preformed pteroylglutamic acid are 
relatively insensitive to sulfonamides Those strains able to synthesize 
this molecule are sensitive when dependent upon this synthesis but are 
resistant in the presence of the preformed molecule This antagomsm 
was shown to be non-competitive with Streptococcus zymogenes 26C1 
The growth of Streptococcus faecalis R or Lactobacillus casei in the pres- 
ence of pteroic acid is resistant to the sulfonamides This compound 
possessed relatively slight antisulfonamide activity, however, for Strepto- 
coccus faecahs (Ralston) or Streptococcus zymogenes 26C1 
It is concluded that the primary point of sulfonamide inhibition of the 
enterococci, under the conditions of this study, is the synthesis of pteroyl- 
glutamic acid to p-ammobenzoic acid 

It is a pleasure to express our thanks to the people who furnished cultures 
and materials for this investigation 
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Much attention has been given to the biochemical relationships between 
a-keto acids and a-amino acids, and several enzyme systems, such as the 
l- and d-amino acid oxidases and the transaminases, have been shown to 
catalyze the mterconversion of corresponding members of these two 
groups of substances Recently, the question has been raised as to whether 
peptide-like compounds of a-keto acids with ammo acids may also undergo 
enzymatic animation (1-4) Although data on this question are not yet 
available, the non-enzymatic transfer of an ammo group from a amino- 
phenylacetic acid to a keto acylammo acid has been demonstrated by 
Herbst and Shennn (5) 

The experimental approach to this problem was initiated m 1930 by 
the synthesis of pyruvylglycme and pyruvyl-df-phenylalamne (6) These 
compounds were obtained by the reaction of a, a diacetammopropiomc 
acid azlactone with glycme or phenylalanine Pyruvylglycme and pyruvyl- 
dl-alanine had previously been observed among the products of the hy- 
drolysis of dehydrogenated diketopiperazmes (7) 

In the present communication there is described an additional method 
for the synthesis of keto acylammo acids and, m particular, of derivatives 
of phenylpyruvic acid This procedure mvolves treatment of acetyl- 
dehydrophenylalanylanuno acids (8) with dilute hydrochloric acid or a 
mixture of acetic acid and dilute hydrochloric acid The reaction may 
be illustrated by the conversion of acetyldehydrophenylalanyl-Z-Ieucme 
(I) to phenylpyruvyl-J-leucme (II) 

CH, CH, CH, CH, 

\ / \ / 

C(H S CH C,H, CH 

II II 

CH CH, > CH, CH, . 

II I II 

CH, CO— NH C CO— NH CH COOH CO CO— NH CH COOH 

(D (II) 

* The portion of this study conducted at Yale University was aided by grants from 
the Rockefeller Foundation and the Fluid Research Fund of Yale University School 
of Medicine 

t Died, November 7, 1944 
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In this manner, phenylpyruvyl derivatives of glycme, Meucme, dl- 
leucme, Z- glutamic acid, and Z-phenylalanine have been prepared As 
has been noted in the case of phenylpyruvic acid (9), the phenylpyruvyl 
compounds tend to decompose when stored m solid form The char- 
acterization of several of these compounds is difficult since they decompose 
dunng the meltmg point determination The oximes, however, are stable 
and have satisfactory melting pomts 

In earliei experiments with pyruvylamino acids, it was found that 
pyruvyl-dZ-phenylalamne is readily split by extracts of commercial pan- 
creatm, wheieas pyruvylglycme and pyruvyl-dZ-alamne appeared to be 
resistant to the action of such enzyme extracts (10) The enzymatic 


Table I 

Action of Crystalline Carboxy peptidase on Phenylpyruvylammo Acids 
Temperature 25° 


Substrate (0 05 u) 

Enzyme concentra 
tion, protein N 
percc test solution 

pH 

Time 

Hydrolysis 


mg 


hrs 

per cent 

Phenylpyruvyl -Z-phenylalanine 

0 04 

7 3 

2 

35 




4 

43 

Phenylpyruvyl -Z-leucine 

0 10 

7 4 

2 

19 




4 

28 

Phenylpyruvyl-i-glutamic acid 

0 40 

7 4 

24 

10 




4S 

14 

Phenylpyruvylglycme 

0 40 

7 3 

24 

2 




48 

4 

Carbobenzoxyglycyl i-phenylalanine 

0 0004 

7 3 

0 5 

26 




1 

42 

Carbobenzoxyglycyl 1-phenylalanine 

0 0004 

7 3 

0 5 

17 

+ phenylpyruvic acid (0 05 m) 



1 

32 


hydrolysis of the phenylalanine compound was attributed to the action 
of pancreatic carboxypeptidase At that time, however, the crystalline 
carboxypeptidase of Anson (11) was not available Accordingly, it 
appealed desirable to test the action of crystalline carboxypeptidase on 
phenylpyruvylammo acids The data presented in Table I show that 
crystalline pancreatic carboxypeptidase can hydrolyze keto acylammo 
acids and that, of the compounds tested, phenylpyruvyl-Z-phenylalanme 
is spht most rapidly, phenylpyruvyl-Z-leucme less rapidly, phenylpyruvyl- 
Z-glutamic acid very slowly, and phenylpyruvylglycme slowest of all 
These findings are m general accord with the data presented previously 
(12) on the effect of the nature of the terminal ammo acid on the rate of 
peptide hydrolysis by carboxypeptidase However, quantitative relations 
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could not be established since the hydrolysis of the phenylpyruvylamino 
acids does not follow satisfactory first order kinetics, m contrast to the 
behavior of the best available substrate for carboxypeptidase, carbo- 
benzoxyglycyl Z-phenylalamne This deviation from first order Kinetics 
may be attributed to inhibition of the enzyme by phenylpyruvic acid, 
which is formed during hydrolytic cleavage S imilar inhi bition has been 
observed (13) when chloroncetylamino acids are used as substrates for 
carboxypeptidase, and it has been demonstrated that chloroacetic acid 
is responsible for this effect 


EXPERIMENTAL 

Phenylpyruvylglycine — 20 gm of acetyldehydrophenylalanylglycme (14) 
were heated under a reflux for 2 hours on the steam bath with a mixture 
of 35 cc of glacial acetic acid and 40 cc of n hydrochloric acid The 
resulting clear solution was chilled overnight at 2°, whereupon crystals of 
phenylpyruvylglycine separated This substance was recrystalhzed from 
methanol-water (1 2) Yield, 7 2 gm , m p , 167-168° 

CnHuO.N Calculated C59 7.H5 0, N 6 3 
221 2 Found “ 59 7, “5 0, “63 

The oxime was prepared by treatment of 3 5 gm of phenylpyruvyl- 
glycine with a solution of 2 gm of hydroxylamme hydrochloride and 4 
gm of sodium acetate m 20 cc of water After a few minutes there 
resulted a clear solution from which crystals began to separate The 
mixture was left at room temperature for 2 days and then acidified to 
Congo red with dilute hydrochloric acid The oxime thus obtained 
weighed 3 7 gm After recrystalkzation from methanol-water, the melting 
point was 141° 

C,iH„0 4 Nj Calculated C 55 9, H 5 1, N 11 9 

236.2 Found “ 55 7, " 5 2, “ 11 6 

Phenylpyruvyl-l-leucine — 22 gm of acetyldehydrophenylalanyl-Z-leucine 
(15) were heated under a reflux for 1^ hours with a mixture of 60 cc of 
glacial acetic acid and 60 cc of 2 n hydrochloric acid The resulting 
clear solution was chilled, whereupon the desired product crystallized 
The crude material was recrystallized twice from methanol-water Yield, 
5 1 gm 

C ls H, a O,N H,0 Calculated C 61 0, H 7 1, N 4 8 

295 3 Found " 61 3, “6 8, “49 

The oxime was prepared in a manner similar to that employed for 
phenylpyruvylglycine From 1 5 gm of the above compound, 1 2 gm 
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of the oxime were obtained After recrystalhzation from a mixture of 
methanol and dilute hydrochloric acid, the melting point was 165° 

CisHjoOiNj Calculated C 61 6, H 6 9, N 9 6 
292 3 Found “ 61 3, “6 9, “96 

Phenylpyruvyl-dl-leucine — 27 gm of acetyldehydrophenylalanyl-dl- 
leucme (prepared m the same manner as described for the l form) were 
refluxed for 1§ hours with a mixture of 75 cc of glacial acetic acid and 
75 cc of 3 n hydrochloric acid The resulting clear solution was concen- 
trated under reduced pressure to a volume of about 40 cc The crystals 
which separated were recrystalhzed from methanol-water (2 1) Yield, 
5 8 gm 

CnHuOjN Calculated C 65 0, H 6 9, N 6 0 
277 3 Found “ 65 0, “7 0, “50 

The oxime was prepared in the same manner as described for the l 
form M p , 158-159° 

CuHio0 4 Nj Calculated C 61 6, H 6 9, N 9 6 
292 3 Found “ 61 9, “7 0, “97 

Phenylpyruvyl-l-glutamic acid — 15 gm of acetyldehydrophenylalanyl- 
Z-glutpmic acid (8) were refluxed for 1| hours with 100 cc of 2 n hydro- 
chloric acid The solution was concentrated under reduced pressure to a 
volume of about 20 cc The resulting crystals were recrystalhzed from 
water Yield, 4 7 gm , m p , 142-143° 

ChHhO«N Calculated C 57 3, H 5.2, N 4 8 

293 3 Found “ 57 4, “5 2, “48 

Phenylpyruuyl-l-phenylalamne — A mixture of 22 gm of acetyldehy- 
drophenylalanyl-Z-phenylalanme (14), 50 cc of glacial acetic acid, and 
50 cc of 2 N hydrochloric acid was heated for 2 hours m a bath at 100° 
The solution was chilled to 0°, and 75 cc of water were added The 
product which separated was recrystalhzed twice from methanol-water 

CjjHnOjN Calculated C 69 4, H 5 5, N 4 5 

311 3 Found “ 69 5, "5 6, “45 

The oxime was prepared m a manner similar to that described for 
phenylpyruvylglycine It melted at 160° 

C u H„0,N, Calculated C 66 1, H 5 5, N 8 6 
326 3 Found “ 66 3, “5 7, “87 

Enzymatic Studies — The crystalline carboxypeptidase was prepared 
and recrystalhzed according to the directions of Anson (11) The pro- 
cedure employed in the determination of enzymatic hydrolysis was the 
same as that described earher (13) 
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SUMMARY 

A method is described for the preparation of phenylpyruvylammo acids 
from the corresponding acetyldehydrophenylalanylamino acids The 
phenylpyruvylammo acids are hydrolyzed by crystalline pancreatic 
carboxypep tidase 
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SOME OBSERVATIONS CONCERNING SPHINGOMYELIN 
AND SPHINGOMYELIN REINECKATE 

BrM H HACK 

( From the Department of Psychiatry, University of Illinois College of Medicine, 
Illinois Neuropsychiatric Institute, Chicago ) 

(Received for publication, July 17, 1946) 

The sphingomyelin content of whole brain has been estimated by isola- 
tion to be about 1 per cent of the dry weight (1, 2), whereas concentrations 
of the order of 5 per cent of the dry weight have been reported when 
suitable extracts of whole bram were assayed by the remeckate procedure 
(3) ( cf Table I) In the present work, both sphingomyelin and sphingo- 
myelin remeckate were studied in order to determine the origin of these 
differences 


Materials and Methods 

Sphingomyelin was prepared from whole beef bram 1 (Preparation S-10) 
by the method of Klenk and Rennkamp (10) and from whole beef and 
human bram (Preparations S-l and H-S) by the method of Thannhauser 
and Setz (3) The cerebrosides kerasin and phrenosin were obtained 
from r.aole human bram by the method of Rosenheim (11) A cere- 
broside-sphingomyelin mixture (Preparation C-S) was prepared from the 
ethyl alcohol extract of acetone-dned beef bram A sample containing a 
mixture of cephalms was obtained from human bram by the method of 
Folch (12) Three whole, frozen dried cat brains were separately worked 
up accordmg to the procedure of Thannhauser and Setz (3) for the deter- 
mination of sphingomyelin m tissue, the resulting precipitates are here- 
after designated Preparations C-B-l-R, C-B-2-R, and C-B-3-R (R denotes 
remeckate) Preparation C-B-4 was a similar cat bram preparation 
except that the ammomum remeckate was omitted All sphingomyelin 
remeckates here reported were prepared accordmg to the directions of 
Thannhauser and Setz (3) The ammomum remeckate (13) contained 
the theoretical amount of nitrogen 

The above preparations were analyzed for the presence of the following 
accordmg to the standard procedures nitrogen by xmcro-Kjeldahl (14) 
and by micro-Dumas (15), phosphorus (16), chromium (17), glycerol (15), 
and choline (18) Hexose was detected by the method of Foulger (19) 
All values reported were the averages of duplicate determinations which 

1 A considerable quantity of acetone dned beef brains was generously supplied by 
The Wilson Laboratories, Chicago 
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agreed within the limits described for the method and all procedures were 
regularly checked with known amounts of standard substances 


Table I 

Sphingomyelin Content of Whole Brain 


Authority 

Source 

Per cent 
wet 
weight 

Per cent 1 

A 

Method 

Schuwirth (2) 

Man (average of 2 

0 18 

0 90 

Isolation 


normal adults) 




Thannhauser el al (4) 

Man 


4 51 

Reineckate (gravi 




6 82 

metric) 

Enckson el al (5) 

Dog 


4 00 

Reineckate* 




6 00 


Kaucher el al (6) 

Beef 


4 95 

II 

Hunter (7) 

Cat (average of 9 

1 25 


It 


animals) 




Taylor (8) 

Cat (average o f 10 

1 15 

4 62 

it 


animals) - 




Williams el al (9) 

Rat (age 15 days) 


3 93 

a 


“ ( “ 45 “ ) 


3 99 



“ ( “ 70 » ) 


4 27 


Hack, this paper 

Man (normal adult) 

0 23 

1 37 

Isolation 

Whole brain, each 

Cat (Preparation 

0 19 

0 86 

It 

worked up as a single 

C-B-4) 




sample 

Cat (Preparation 

0 99 

4 47 

Reineckate* 


C-B-l) 





Cat (Preparation 

1 15 

6 05 

It 


C-B 2 





Cat (Preparation 

0 83 1 

4 00 

It 


C-B-3) 



. 


* Baaed on P content 

t Accident resulting in some loss of material , the value is somewhat low 


Results 

The isolation of pure hpide components is laborious, consequently the 
values of sphingomyelin obtained by isolation may be low 
The analyses of the sphingomyelins are shown in Table II The follow- 
ing observations were also made Analysis of Preparation S-l for nitrogen 
by the micro-Kjeldahl method showed values that ranged from 2 70 per 
cent when digested for 15 minutes to 3 19 per cent when digested for 120 
minutes These values are substantially lower than those obtained by 
combustion analysis (3 76 per cent) Similar low Kjeldahl mtrogen values 
were observed for all of the hpide samples here descnbed which contained 
choline It is generally recognized that the estimation of mtrogen in 
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choline by the Kjeldahl procedure requires drastic conditions of digestion 
Since, theoretically, one-half of the nitrogen of sphingomyelin is in the 
choline, low yields were expected The values of nitrogen obtained by 
combustion reported here for these sphingomyelins are somewhat higher 
than Kjeldahl values reported elsewhere (c/ Table III) Also, analysis 
of sphingomyelin for choline yielded low values as follows hydrolysis of 
Preparation S-l with 0 5 N barium hydroxide at 100° for 3, 6, and 24 hours 
gave 8 3, 115, a._d 12 2 per cent choline, respectively The theoretical 
choline content of the sphingomyelin ranges from 14 5 to 16 8 per cent 
These low values for choline were not due to loss, since similar treatment 
of choline chloride with barium hydroxide for 24 hours did not prevent 

Table II 


Analysis of Liptde Preparations 


Preparation 

P N Cr 

P 

N I 
(Dumas) 1 

. . j 

Cr | 

Glycerol j 

Hexose 


1 

pcf cent 

percent ] 

| 

percent \ 

per cent J 


S-10 

1 2 19 

3 88 

3 85 


0 

0 

S 10 R 

1 5 70 1 19 

2 75 

7 08 

1 5 50 

o 1 

0 

S 1 

1 2 20 


3 76 

1 

■XU 

0 

S 1 It 

1 5 38 0 53 


! 7 55 

[ 2 78 

US 

0 

HS 

1 1 96 


3 38 



0 

H-S It 

1 5 40 0 75 

3 W 

7 44 

1 3 82 


0 

C-S 

1 5 66 

0 94 

2 40 


1 23 

+ 

C-SR 

1 11 90 0 58 

0 65 

3 51 

0 63 

0 86 

+ 

CB 1R 

1 6 82 0 61 

1 42 

4 37 

1 45 

2 68 


CB2R 

1 7 14 0 64 

1 38 

4 45 

! 1 48 

2 60 

1 + 

C B-3 R 

| 1 7 55 0 68 

1 42 

4 85 

| 1 62 

| 3 04 

1 + 

CB4 

1 9 52 

0 50 

2 15 


1 89 

+ 


recovery of 96 per cent of it in control experiments Hydrolysis of Prep- 
aration S-l with 6 n hydrogen chloride in methyl alcohol (24) yielded 
low and variable results Since the choline of sphingomyelin is presumed 
to be linked to phosphoric acid as phosphorylchohne, the low yields of 
choline are in keeping with the studies of Baer and McArthur (25) who 
have - shown that phosphorylcholme is extremely resistant to both acid 
and alkaline hydrolysis Hence choline determinations on lipide extracts 
containing sphingomyelin must be interpreted with caution Thus, if 
the lecithin content of tissue is calculated from the total choline less the 
choline equivalent of the sphingomyelin found to be present, the values 
obtained for lecithin would be low 

Based on this resistance to hydrolysis, a new method for the deter- 
mination of sphingomyelin was recently proposed by Schmidt et al (26) 
“The method is based on the observation that lecithin, hydrolecithin 
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and all cephalins are quantitatively transformed into acid-soluble P com- 
pounds during incubation with aqueous n potassium hydroxide for 15 
hours at 37° Under these conditions the P-contammg group of sphingo- 
myelin remams msoluble m acids ” This observation has been substan- 
tiated with both Preparations S-l and S-10 Cephahn (containing 3 52 
per cent phosphorus) when treated for 16 hours with n potassium hydrox- 
ide at 37° yielded 3 30 per cent phosphorus 
Since the determination of sphingomyelin as the remeckate is generally 
carried out on crude extracts, it seems reasonable to expect that, unless 
the reine kate proceduie is specific for sphingomyelin, the resulting pre- 
cipitate will be a mixture of lipides Reference to Table II shows that 

Table III 


Analysis of Brain Sphingomyelins 


Authority 

P N 

Phosphorus 

Nitrogen 

N method 

Thudichum (20) 

m 


per cent 

2 96 

? 

Levene (21) 

■H9 


3 78 

Kjeldahl 

Merz (22) 

1 1 95 

4 10 

3 63 

« 


1 1 96 

4 03 

3 57 

It 


1 1 93 

4 09 

3 56 

tt 


1 1 99 

3 90 

3 50 

ft 


1 1 91 

3 96 

3 42 

tt 


1 1 95 

4 01 

3 53 

it 

Tropp and Eckardt (23) 

1 2 05 

3 72 

3 45 

Dumas 

Taylor (8) 

1 1 95 

3 78 

3 30 

? 

Klenk and Rennkamp (10) 

1 2 02 

3 89 

3 57 

Kjeldahl 

Hack, this paper 

1 2 19 

3 88 

3 85 

Dumas 


the reineckates prepared from those samples *hat contained glycerol and 
hexose also contained them, whereas sphingomyelin contams neither 
The presence of glycerol may be accounted for as follows 12 421 mg 
of the methanol-soluble fraction of cephalin (1 50 per cent P) yielded 
7 802 mg of a lavender-gray precipitate (0 75 per cent P) when assayed 
for sphingomyelin as the remeckate A mixture containing 19 508 mg 
of the above cephalin fraction and 15 347 mg of Preparation S-10 yielded 
30 893 mg of a lavender-gray precipitate -which contamed 1 80 per cent 
P and 1 13 per cent glycerol Similarly 6 212 mg of Preparation S-10 
and 23 319 mg of the cephahn fraction yielded 25 580 mg of a lavender- 
gray precipitate which contamed 1 42 per cent P and 1 50 per cent glycerol 
The presence of hexose was accounted for m a similar manner Reineck- 
ates were prepared from 16 248 mg of pure phrenosin (0 00 per cent P, 
1 70 per cent N (Kjeldahl) , theory 1 69 per cent N) and 22 956 mg of 
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pure kerasm (0 00 per cent P, 1 79 per cent N (Kjelclahl), theory 1 73 per 
cent N) The reineckates weighed 14 040 and 18 022 mg respectively 
and were of the typical pink color Therefore, sphingomyelin determined 
as the reinechate can yield high values when measured either on the basis 
of its P content (5) or gravimetncnlly (3, 24) 

The following experiments were performed m an attempt to explain 
the mechanism of the formation of sphingomyelin reineckate Since the 
procedure involves the acidification of a hot concentrated methyl alcoholic 
solution of sphingomyelin to which is added a saturated solution of am- 
monium reineckate in methyl alcohol, which is then refrigerated at 0° 
for several hours, it was thought pertinent to examine the properties of 

Table IV 


Calculated Theoretical Elementary Composition of Sphingomyelins and Sphingomyelin 
Reineckates ( Based on Monomeric Conception) 




P N Cr 

P 

N 

Cr 

Stearyl sphingomyelin 

m 


per cent 

3 74 

per cent 

II 

“ reineckate 

keh 



4 86 

Lignoceryl 

It 

1 2 

3 73 

3 36 


II 

“ reineckate 

1 8 1 

2 68 

9 70 

4 60 

Nervonyl 

II 

1 2 

3 74 

3 37 


It 

“ reineckate 

1 8 1 

2 68 

9 72 

4 52 

Palmityl 

II 

1 2 

4 30 

3 88 


it 

“ reineckate 

I 8 1 

2 98 

10 7 

4 98 


the reagents under such conditions 3 mg of Preparation S-l were 
soluble m 1 ml of neutral methyl alcohol at 0°, while less than 1 mg per 
ml was soluble at the same temperature m methyl alcohol containing 
1 drop of concentrated hydrochloric acid per ml Similar solubilities 
were found to be true also of Preparations S-10, H-S, C-S, andC-B-4 
The saturated methyl alcoholic solution of ammonium remeckate contained 
220 mg per ml at 25° On refrigeration a few small crystals formed, but 
on acidification with 1 drop of concentrated hydrochloric acid per ml at 
room temperature there was a copious crystalline precipitate which in- 
creased on refrigeration It would, therefore, seem that the precipitation 
of sphingomyelin under the conditions described (3) for the preparation 
of the remeckate might occur without the formation of a salt Neither 
reineckates prepared from the sphingomyelin nor those from crude extracts 
on analysis show values ( cf Table II) indicating a stoichiometric relation- 
ship between sphingomyelin and Reinecke acid (ammonium remeckate + 
hydrogen chloride = Reinecke acid + ammonium chloride) (cf Table IV) 
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Instead, it would seem reasonable to consider sphingomyelin remeckate 
as a mixture produced by adsorption and salted-out 

This hypothesis is substantiated by the following experiments When 
50 mg samples of Preparations S-l-R, C-S-R, C-B-l-R, C-B-2-R, and 
C-B-3-R were extracted with acetone in a Soxhlet apparatus, complete 
extraction occuned within 24 hours, resulting in a pink extract which 
when cooled to 25° yielded m all cases a white precipitate, presumably 
sphingomyelin, or cerebroside, or both After only 6 hours extraction 50 mg 
samples of Pieparations C-B-l-R, C-B-2-R, and C-B-3-R lost 67, 63, 
and 64 per cent respectively to the extracts These extracts were dned 
m vacuo, the residues contained 1 45, 1 45, and 1 65 per cent phosphorus 
respectively Similarly 6 hours extraction of Preparation S-l-R resulted 
m a loss of only 37 per cent to the extract which, dried in vacuo, contained 
2 16 per cent phosphorus In contrast, 6 hours extraction of Preparation 
S-l showed a loss of only 2 per cent to the extract, which dned in vacuo 
contained 1 78 per cent phosphorus Remecke acid was found to be very 
soluble m acetone, even at 0° All of the above hpide preparations were 
found to be very soluble m chloioform, even at 0°, whereas neither Remecke 
acid nor any of the sphingomyelin remeckates investigated were soluble 
m chloroform at 0° These results suggest that the Remecke acid and 
sphingomyelin weie adsorbed on one another and that solvent action nas 
sufficient to disturb the resulting complex, thus permittmg a separation 
of the two components The difference in solubility between Preparations 
C-B-l-R, etc , and S-l-R was presumably due to the presence of lipides 
other than sphingomyelin, as shown above 

If formation of the remeckate were an adequate method of assay, then 
leasonable recovenes of pure sphingomyelin should be possible According 
to Klenk and Rennkamp (10) only Preparation S-10 of this series can be 
considered pure sphingomyelin However, both Preparations S-l and 
H-S would have been considered pure at the time the remeckate method 
was proposed 

The actual recoveries were as follows 


Preparation 

mg 

S-10 23 375 
S-l 30 730 
H-S 26 665 


Recovered 

Preparation 

mg per cent 

S-I0-R 28 370 = 86 
S-l-R 29 922 = SO 
H S-R 25 459 = 76 


The difference in total phosphorus ( cf Table II) between Preparations 
H-S and II-S-R v>as 0 222 mg 0 217 mg of phosphorus was recovered in 
the combined filtrate and washings, of which 0 127 mg was accounted for 
m the filtrate Similarly Preparation S-l lost 0 230 mg of phosphorus 
and Preparation S-10 lost 0 128 mg Analysis of the ammonium remeckate 
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showed no phosphorus Choline was demonstrated as the enneaiodide 
after hydrolysis of an aliquot of the combined filtrate and washings 

Reference to Table I shows that there is general agreement within each 
of the two methods, but it would seem that those values obtained by 
isolation are too low and those as the remechate too high The presence 
of glycerol in these preparations implies the presence of other phospho- 
lipides, and hexose, the presence of cerebrosides The existing methods 
of lipide analysis do not permit a more reliable assay of sphingomyelin 

SUMMARY 

1 Sphingomyelin and sphingomyelin reineckates have been prepared 
from several sources by standard procedures and subjected to chemical 
analysis 

2 Kjeldahl nitrogen values w'ere found lower than Dumas nitrogen 
values, presumably due to choline 

3 Assay of sphingomyelin for choline yielded low values, presumably 
due to the resistance of phosphorylcholine to hydrolysis 

4 Reineckates prepared from crude extracts contained both glycerol 
and hexose, implying therefore the presence of lipides other than sphingo- 
myelin 

5 The methanol-soluble fraction of cephahn and the cerebrosides kerasm 
and phrenosm formed reineckates 

6 Recovery of pure sphingomyelins as the remeckate were low 

7 The behavior of a saturated solution of ammonium remeckate in 
the presence of HC1 at 0° and the solubility of sphingomyelin m acid 
alcohol suggest the formation of an adsorption complex, which was con- 
firmed by leaching 


BIBLIOGRAPHY 

1 Klenk, E , Z physiol Chem , 262, 128 (1939) 

2 Schumrth, K , Z physiol Chem , 263, 25 (1940) 

3 Thannhauser, S J , and Setz, P , J Biol Chem , 116, 527, 533 (1936) 

4 Thannhauser, S J , Benotti, J , Walcott, A , and Remstein, H , J Biol Chem , 

129, 717 (1939) 

5 Erickson, B N , Avon, I , Teague, D At , and Williams, H H , J Biol Chem , 

136, 671 (1940) 

6 Kaucher, AI , Galbraith, H , Button, V , and Williams, H H , Arch Btochem , 

3. 203 (1943) 

7 Hunter, F E , J Biol Chem , 144, 439 (1942) 

8 Taylor, J D , Thesis, University of Rochester (1940) 

9 WilUam3, H H , Galbraith, H , Kaucher, At , Moyer, E Z , Richards, A J , and 

Afacy, I G , / Biol Chem , 161, 475 (1945) 

10 Klenk, B , and Rennkamp, F , Z physiol Chem , 267, 145 (1941) 

11 Rosenheim, O , Biochtm J , 8, 110 (1914) 

12 Folch, J , J Biol Chem , 146, 35 (1942) 


462 


SPHINGOMYELIN 


13 Blatt, A H , in Organic syntheses, New York, eoll 2 (1943) 

14 Ma, T S , and Zuizaga, G , Ind and Eng Chem , Anal Ed , 14, 280 (1942) 

15 Roth, H , Quantitative organic microanalysis of Fntz Pregl, translated by Daw, 

E B , Philadelphia, 3rd edition (1937) 

16 Horecker, B L , Ma, T S , and Haas, E , J Biol Chem , 136, 775 (1940) 

17 Marenzi, A D , and Cardim, C E , J Biol Chem , 147, 363 (1943) 

18 Entenman, C , Taurog, A , and Chaikoff, I L , J Biol Chem , 165, 13 (1941) 

19 Foulger, J H , J Biol Chem , 99, 207 (1932) 

20 Thudichum, J L W , Die chemische Konstitution des Gehirns des Menschen und 

der Tiere, Tubingen (1901) 

21 Levene, PA,/ Biol Chem , 24, 69 (1916) 

22 Merz, W , Z physiol Chem , 193 , 59 (1930) 

23 Tropp, C , and Echnrdt, B , Z physiol Chem , 246, 163 (1937) 

24 Thannhauser, S J , Benotti, J , and Remstein, H , J Biol Chem , 129, 709 (1939) 

25 Baer, E , and McArthur, C S , / Biol Chem , 154, 451 (1944) 

26 Schmidt, G , Benotti, J , and Thannhauser, S J , Federation Proc , 6, 152 (1946) 



A SIMPLE QUALITATIVE TEST TO DISTINGUISH BETWEEN 
PROTOPORPHYRIN IX OR ITS ESTERS AND PORPHYRINS 
CONTAINING NO VINYL GROUP* 

By EDITH JU HWA CHUf 

(From the Department of Medicine, Unnerstly of Minnesota Hospital, Minneapolis) 

(Received for publication, July 29, 1946) 

Since a satisfactory procedure of preparing pure protoporphyrin IX 
dimethyl ester from hemoglobin (1) has been worked out, it is interesting 
to investigate direct reduction of protoporphyrin IX dimethyl ester mto 
mesoporphynn IX dimethyl ester Although these compounds, the 
melting points of which are too close to be of use for their differentiation, 
can be distinguished by HC1 number (2) or absorption spectra, the simple 
and rapid qualitative test here described has proved useful in the above 
investigation 

Protoporphyrin IX dimethyl ester used in this experiment was prepared 
by a simplified modification of the procedure (1) previously described 
A sample of 5 ml of red blood cells was refluxed with 100 ml of 10 per 
cent oxalic acid in acetone for half an hour The reaction mixture was 
filtered and washed with a little acetone The colorless residue was dis- 
carded and the solution was then worked up by the procedure outlined 
in the previous paper When m place of the 10 per cent oxalic acid solu 
tion 5 per cent and 1 per cent solutions of oxahc acid in acetone were tried, 
the yields of protoporphyrin IX dimethyl ester were 5 mg and 3 mg 
respectively per ml of red blood cells 
A procedure for preparing protoporphyrin DC dimethyl ester recently 
described by Gnnstein and Camponovo (3) was also tried and modified 
A sample of 5 ml of red blood cells was stirred with 100 ml of 1 per cent 
oxahc acid m methanol The dark solution separated from the residue 
by centrifuging was shaken with 5 gm of stannous chloride and mixed 
with an equal volume of methanol previously saturated with hydrogen 
chlonde gas The reaction mixture was allowed to stand at room tem- 
perature for 1 to 2 hours and was worked up as usual By this modified 
method a pure product was obtained without the necessity of chromato- 
graphic purification, the yield bemg 2 8 mg per ml of red blood cells 
Mesoporphynn DC dimethyl ester was also directly prepared from red 
blood cells The acetone solution resulting from refluxing, 5 ml of red 

* Aided by a grant from the John and Mary R Markle Foundation 
t On leave from the University of Peking, China Present address, Division of 
Biochemistry, Mayo Foundation, Rochester, Minnesota 
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blood cells with 100 ml of 1 per cent oxalic acid in. acetone was distilled 
under reduced pressure at room temperature to remove the solvent The 
residue was mixed with excess water and centrifuged The dark residue 
was washed once with water and dried on a steam bath It was then 
reduced with a mixture of 0 35 ml of hydnodic acid (sp gr 1 7) and 2 G 
ml of glacial acetic acid according to the procedure of Fischer and Kogl 
(4) A methanol solution of crude mesoporphynn thus obtained was 
mixed with an equal volume of methanol previously saturated with hy- 
drogen chlonde and allowed to stand at room temperature for lj hours 
The ester was extracted as usual and purified by chromatographic separa 
tion, the yield being 3 mg per ml of red blood cells 
For the quahtative test protoporphyrin IX dimethyl ester and meso 
porphyrin IX dimethyl ester were respectively dissolved m chloroform 
as pmk solutions Then to each tube were added 3 drops of concentrated 
hydrochloric acid with vigorous shaking Changes in color were observed 
in transmitted daylight The solution containing mesoporphynn IX 
ester is purple, while that containing protoporphyrin IX ester shows a 
green shade In both tubes dihydrochlondes were formed which showed 
different colors toward transmitted dayhght In either tube the pmk 
color was restored by addition of excess saturated sodium acetate solution 
and the test could be repeated Free protoporphynn IX gave the same 
color change as its ester, while free mesoporphynn and other porphyrins, 
such as coproporphyrin, containing no vinyl group behaved toward hy- 
drochloric acid just like mesoporphynn IX dimethyl ester Therefore 
this simple test selves as a rapid means of distinguishing between porphy 
nns of the piotoporphynn type and porphynns containing no vinyl group 
The test is sensitive in a concentration of 10 to 100 y per ml of testmg 
solution 


SUMMARY 

Protoporphyrin IX dimethyl ester and mesoporphynn IX dimethyl 
ester were respectively prepared by modified procedures A simple color 
test to distinguish between these two porphyrins is described 
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PRODUCTION AND PURIFICATION OF PENICILLINASE 

By G A LePAGE, J F MORGAN, and M E CAMPBELL 

(From the Laboratory of Hygiene, Department of National Health and Welfare, 
Ottawa, Canada) 

(Received for publication, July 26, 1946) 

The ability of various bacterial species to inactivate penicillin was 
first observed by Abraham and Cham (1) m 1940 The active agent was 
extracted from crushed cells of Escherichia colt, its enzymatic nature deter- 
mined, and the name “penicillinase" proposed 
Harper (2), Smith and Smith (3), and Proom (4) have reported methods 
for the extraction of penicillinase from the cells and culture filtrates of 
paracolon organisms, while Duthie (5) has prepared an extracellular peni- 
cillinase from Bacillus subtihs Benedict, Schmidt, and Coghill (6) sur- 
veyed 65 bacterial species for antipenicillin activity, and obtamed the 
highest yield of crude enzyme from an unclassified spore former closely 
related to the Bacillus cereus group McQuame and Liebmann (7) have 
also reported the preparation of impure penicillinase from unidentified 
Gram-negative rods but do not report the yields obtamed 
Despite the many publications, isolation of pemcdhnase m highly active 
form has not previously been reported The importance of this enzyme 
in the sterility testing of penicillin, and possibly in penicillin assay (8), 
prompted this investigation 


EXPERIMENTAL 

A survey was made of penicillinase-producing bacteria, including para- 
colon and cohform cultures and various organisms of the Bacillaceae 
The latter group included contaminants from penicillin assay plates, spore 
formers isolated from clarase, NRRL 569, 1 and strains of Bacillus 
cereus* and Bacillus megatherium 1 Cellular material was investigated 
by the method of Harper (2), the culture filtrates by assay as descnbed 
in this paper 

Comparative tests were conducted with ah these organisms on the 
following media Difco nutrient broth, peptone, yeast extract, yeast 
extract plus peptone, yeast extract plus glucose, and peptone plus glucose 
Addition of glucose to media tended to inhibit enzyme production Aera- 

1 Obtained through the courtesy of Dr R G Benedict, Northern Regional Re 
search Laboratory, United States Department of Agriculture, Peoria Blinois 

* Obtained through the courtesy of Mr Clark Blackwood, Division of Applied 
Biology, National Research Council, Ottawa, Canada 
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tion caused increase in cellular material ^ but did not significantly modify 
the activity per individual cell 

Filteiing the cultures through a Seitz filter was observed to remove 
most of the penicillinase activity 

One stiain of Bacillus megatherium and the NRRL 569 culture were 
selected as the best enzyme producers With three pH levels, 7 0, 7 5, 
and 8 0, it was shown that these cultures gave optimal production at 
neutrahty 

Method of Assay — For test purposes the matenal to be assayed is diluted 
in sodium phosphate buffer, pH 7 0, to a concentration of 1 mg per ml , 
and 4 ml of solution were placed m a small tube (In the case of culture 
fluids no previous dilution is required ) From this first tube 2 ml are 
lemoved and halving dilutions made m buffer throughout a senes To 
each tube 0 2 ml of a 10 umt per ml solution of standard penicillin is 
added After incubation for 1 hour at 37° a cup-plate assay is earned out, 
by an adaptation of the method of Schmidt and Moyer (9) Duplicate 
cups are filled with aliquots of the solution from each tube Selecting 
three values oi zone sizes with three adjacent halving dilutions did not 
always give a straight line response Differences in response to penicil- 
lin occur with preparations in different stages of punfication, making it 
difficult to assign a true value to any one preparation Although the 
rate of diffusion of penicillin is influenced by various salts, and salt con- 
centration, the high dilutions employed in the present experiments make 
this factor of little significance m assay The dilution causing destruction 
of approximately 50 per cent of the penicillin was found to be the most 
satisfactory end-point For convenience in comparing results this end- 
point has been called a “dilution umt ” 

It was observed that if a solution of standard penicillin several days old 
(but still assaying at 100 per cent potency by plate assay) was employed 
unaccountably high activities might be indicated for some enzyme prep- 
arations Fuither, it appeared that pure crystalline sodium penicillin 
G was moie rapidly destroyed than a 370 umt per mg calcium penicillin 
G standard (supphed by the Food and Drug Administration, Washington) 

The problem of inactivation of the enzyme has not yet been satisfac- 
torily solved For this reason values attached to different preparations 
are largely relative 

Media and Enzyme Adaptation — In selecting the best medium for enzyme 
production, combinations of inorganic ammomum salts, glucose, and 
minimal amounts of yeast extract were used in addition to the regular 
experimental media All were suitably buffered to maintain neutrahty 
during the growth period A concentration of 0 15 per cent yeast extract 
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buffered m 0 2 m phosphate gave excellent production, but maximal yields 
were obtamed when the yeast extract concentration was raised to 0 5 per 
cent 

With both organisms, and in all culture media, centrifugation of the 
cells removed about half the activity Nevertheless enzyme yields were 
so large extracellularly that inclusion of cellular material was of no great 
benefit In yeast extract medium, culture NRRL 569 appeared to produce 
about 8 tunes as much enzyme as Bacillus megatherium and was therefore 
selected for large scale penicillinase production 
With the addition of penicillin to the cultures during growth this choice 
of organism was fully justified Cells of both cultures harvested after 
a 4 day growth period and treated by Harper's method (2) revealed that 
m the case of Bacillus megatherium addition of the penicillin substrate 
did not appreciably change the activity of the cells, while with NRRL 
569 at least a 40-fold increase was observed The extracellular enzyme 
produced was adaptive in the case of both organisms, although adaptation 
was more evident with NRRL 569 
From these experiments, the following method of production has evolved 
After two transfers in tubes of 0 5 per cent yeast extract buffered to 
pH 7 0 with 0 05 m phosphate, a 2 per cent inoculum (4 hour growth) 
is used to seed a carboy partially filled with yeast extract medium Rapid 
aeration at 22-26° is maintained for 4 hours, at which point penicillin 
in distilled water (one-twentieth volume of total culture fluid) is added 
to give a final concentration in the carboy of 1 unit per ml All additions 
of penicillin are made gradually through a partially closed rubber tubing 
connected aseptically to a capillary pipette At the end of 24 hours a 
second addition of penicillin, m the same volume as previously, is made m 
0 2 m phosphate buffer, pH 7 0, to a final concentration of 5 units per ml 
At 48 hours a third penicillin dilution in 0 2 m buffer is prepared One-half 
of this preparation is added gradually over a period of 6 hours and the 
remainder is added m one step at the end of this time period A final 
concentration of 50 units per ml is attamed After 96 hours growth is 
stopped With this method of production, assay of the cell-free culture 
fluid for enzyme has given dilution unitage as high as 1 1,000,000 
If at any time during the growth period cell lysis is observed, no penicil- 
lin should be added for 24 hours It is usual to observe with lysed cultures 
that the enzyme titer drops but that this drop is attended by a sharp rise 
in 24 hours Because the pH, substrate addition, and amount of nutrient 
available to the cells are important, and a delicate balance must be mam- 
tamed, a sterile sampling device is attached to the carboy through which 
a sample may be removed at any time during the growth period and ap- 
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proprmte adjustments made as required In particular, variation in 
both growth and enzyme production was observed with different lots of 
Difco yeast extract 


Isolation of Enzyme 

Adsorption — The 4 or 5 day culture is centrifuged, m a Sharpies super- 
centrifuge, and the cell paste discarded The cell-free filtrate is cooled to 
5° and Hyflo Super-Cel added to a concentration of 5 0 per cent The 
mixture is stirred mechanically for 30 minutes m the cold At the end 
of this time the Hyflo Super-Cel is filtered off with the aid of suction on 
Buchner funnels containing two layers of filter paper (No 1, Whatman) 
and the enzyme-free filtrate rejected 
The pH of the culture filtrate at the end of the growth period is approxi- 
mately 7 3 Maximal adsorption is obtained at pH of 6 5, decreased 
adsorption occurring at pH values above and below this figure To avoid 
such loss of enzyme the culture filtrate is adjusted to pH 6 5 with glacial 
acetic acid before adsorption is begun 
Various adsorbing agents were tested in the penicillinase cultures and 
Hyflo Super-Cel was found most satisfactory because of completeness 
of adsorption and ease of elution 

Preliminary experiments showed that adsorption periods up to 20 minutes 
resulted in losses of non-adsorbed enzyme, totaling appi oximately 10 
per cent of the original activity Increasing the adsorption time to 30 
minutes decreased these losses to 4 per cent A second adsorption period 
with fresh Super-Cel failed to reduce materially this 4 per cent loss 
Elution — A critical factor in the isolation of penicillinase was the method 
of recovery from the adsorbing agent Therefore, methods of elution 
were investigated m detail The concentrated phosphate mixture of 
Woodruff and Foster (10) was tested together with a dilute buffer of the 
same proportionate composition The suitability of ammoma water as 
an eluting agent was also studied over a concentration range of 0 015 
to 0 15 m ammonium hydroxide (0 1 to 1 0 per cent aqueous dilution of 
concentrated ammonia water) 

1 liter quantities of cell-free culture filtrate, pH 6 5, were stirred in the 
cold for 30 minutes with 50 gm of Hyflo Super-Cel, and the adsorbing 
agent collected by filtration Each lot of Super-Cel was suspended in 
500 ml of test solution with mechanical stirnng, and elution carried out 
m the cold for 30 minutes The Super-Cel was recovered by filtration, 
and the elution process repeated twice with volumes of 250 ml of test 
fluid, elution periods of 30 and 20 minutes being employed Ahquots of 
the eluates at each step were lyophihzed and tested for penicillinase ac- 
tivity The three eluates from each treatment were then combined and 
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a further aliquot removed for testing as a check measure Results of this 
experiment are presented in Table I 
From these results, it is clear that of the several eluting agents tested 
0 5 per cent ammonia water is most satisfactory Above this concentra- 
tion some decrease m eluted enzyme is observed, while below this level 
very little penicillinase is recovered In accord with the findings of Wood- 
ruff and Foster (10) concentrated buffer solution was observed to be a 
fairly effective elutmg agent, while diluted phosphate buffer was relatively 
ineffective A solution of 30 per cent ammonium phosphate, pH 7 8, 
was as effective as the concentrated sodium phosphate buffer 

Table I 

Comparative Recoveries of Penicillinase from Hyflo Super-Cel with Various 
Eluting Agents 

Results expressed as dilution units multiplied by the dry weight of the eluates 
(mg) 


Eluting agent 

1st eluate 

2nd eluate 

3rd eluate 

Sum of eluates 

rn/15 phosphate buffer, pH 7 0 

25,700 

16,000 

2,700 

44,400 

m/1 5 “ “ “71 

563,200 

264,700 

19,300 

8-17,200 

0 015 M ammonium hydroxide (0 1 %), 

114 000 

114,900 

89,600 

318,500 

pH 10 3 

0 075 m ammonium hydroxide (0 5 %), 

2,058,200 

499,700 

675,800 

3,233,700 

pH 10 6 

0 15 M ammonium hydroxide (10%), pH 

2,276,400 

403,400 

46,600 

2,726,400 

10 9 






Although m/1 5 phosphate buffer appeared reasonably efficient, the 
total penicillinase recovered amounted to only 25 per cent of that removed 
by elution with 0 5 per cent ammonia water The small proportion by 
weight of enzyme m this concentrated buffer solution and the prolonged 
penod of dialysis necessary at a later stage in purification make this elutmg 
agent generally unsuitable 

With the elutmg fluids tested the enzyme recovered is present in the 
first two eluates An important exception is to be noted with 0 5 per cent 
ammonia water, in which case very high values were obtained in the third 
eluate, although the actual weight of enzyme removed was small 
The possibility that this may be of practical significance as a purification 
method is under consideration 

The method finally adopted consists of three separate elutions with 
0 5 per cent a mm onia water for periods of 30, 30, and 20 minutes 

Purification — The ammonia water eluate is made up to 50 per cent 
saturation with sohd ammonium sulfate (35 gm per 100 ml ) and the 




470 


PENICILLINASE 


solution is held m the cold for 2 to 3 hours until flocculation is complete 
The precipitate is removed by centrifuging at 2000 rpm for 60 minutes, 
the supernatant decanted, and the residue of inactive protein discarded 
Considerable purification of the final product is effected at this step, since 
approximately 50 per cent of the total protein in solution is removed 
Exhaustive tests have established that the loss of penicillinase at this 
step is negligible, lepresentmg only 0 2 to 0 7 per cent of the total original 
activity 

The 50 per cent ammonium sulfate supernatant is made up to 100 per 
cent saturation and held overnight in the cold The tiny floccules which 
form are removed by passage thiough a fntted glass filter of F porosity 
The enzyme is removed from the surface of the filter, suspended m dis- 
tilled water, transferred to a cellophane sac, and dialyzed against distilled 
water in the cold for a period of 24 to 48 hours The enzyme is finally 
lyophihzed and preserved in the cold The final product obtamed is 
a giayish brown m color and of a light, flaky or feathery consistency 
Loss of enzyme during the final filtration is negligible, provided a fntted 
filtei of porosity F is employed Repeated tests have failed to demon- 
strate loss of penicillinase activity during dialysis, as observed by Wood- 
ruff and Foster (10) and by Duthie (5), although in some instances dial- 
ysis was deliberately prolonged for 96 hours 

Attempts to purify the enzyme by precipitation with acetone or alcohol 
proved unsatisfactory, since almost complete loss of activity resulted 
Final yields, activity of the final product, and amount of inactive pro- 
tein are summarized in Table II 

On the basis of both weight and activity of the final product, the enzyme 
obtained by 0 5 pei cent ammonia water elution is far superior to that 
piepared by other methods A considerably less active enzyme is obtained 
with 1 0 per cent ammonia water, while a concentration of 0 1 per cent 
is completely unsatisfactory Repeated preparations employing 0 6 
per cent ammonia water have resulted in enzymic material with a yield 
and activity compaiable to that obtained at the 0 5 per cent level It 
would appear that concentrations of ammonia water from 0 5 to 0 6 per 
cent are required for optimal recoveries of penicillinase 

It is of interest to note that as the concentration of ammonia water 
in the eluting fluid is increased from 0 1 to 1 0 per cent the weight of inactive 
protein decreases The yield of active material is greatest at 0 5 per cent 
Comparison of the total activity of the final enzyme, Table II, with 
the total activity present m the eluates, Table I, shows complete lack 
of agreement As yet, no satisfactory explanation for these divergent 
results can be offered 

Activity — Solution of the purified penicillinase was best accomplished 
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in 0 1 or 0 5 per cent ammonia water, since the material was largely insoluble 
in distilled water, sodium chloride solutions, or neutral phosphate buffers 
Once dissolved in dilute ammonia water, the enzyme did not precipitate 
when added to penicillin solutions made up in phosphate buffer at neu- 
trality 

It was observed that destruction of penicillin by this enzyme sharply 
declined in unbuffered media with an accompanying drop m pH 0 05 
m sodium phosphate buffer, pH 7 0, proved unable to prevent this fall m 
pH, buffer of 0 2 u strength bemg required These results would indicate 


Table II 

Yields and Relative Activity of Penicillinase Prepared by Representative Elution 
Methods and Ammonium Sulfate Fractionation * 


Elution fluid 

Inactive 

protcmt 

EuzymeJ 

Activity | 

Total activity 


mg 

mg 

dilution units 
per mg 

dilution units 

ir/15 phosphate buffer, pH 7 0 

23 2 


2,000 

105,000 

n/1 5 “ “ <'7 1 

24 7 


525,000 

18,007,500 

0 015 it ammonium hydroxide (0 1 %), 

50 3 

45 2 

65,500 

2,960,600 

pH 10 3 

0 075 n ammonium hydroxide (0 5 %), 

40 3 

56 7 

2,100,000 

119,070,000 

pH 10 6 

0 15 n ammonium hydroxide (1 0 %), 

36 2 

53 3 

525,000 

27,982,500 

pH 10 9 






* All yields reported are based on 1 liter of cell free culture filtrate 
t Inactive protein removed at 50 per cent saturation with ammonium sulfate 
The values represent dry weight after dialysis 

t Enzyme precipitated at 100 per cent saturation with ammonium sulfate The 
values are expressed as dry weight after dialysis 

that penicillinase possesses a rather sharp optimal pH for enzymic activity 
The pH curve will be given m a later publication 
In studying the action of this enzyme, solutions of commercial penicillin 
of 100,000 units per ml were prepared in 0 2 m phosphate buffer The 
enzyme was dissolved in 0 1 or 0 5 per cent ammonia water to a concen- 
tration of 1 0 mg per ml The reaction was allowed to proceed at 25° 
for selected penods of time Appropriate dilutions were then made and 
tested for residual penicillin 

Within the limitations of this test, 1 0 mg of the purified enzyme com- 
pletely destroyed 100,000 units of penicillin within 10 minutes Further 
investigation of the assay method with purified enzyme is required before 
any definite unitage of penicillinase can be established 
Sterility — Attempts to sterilize penicillinase solutions by Seitz filtration 
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proved unprofitable, since large amounts of enzyme were bound by the 
asbestos pads Sterilization was achieved by passage of the enzyme 
through a fritted glass filter of UF porosity It was found most con- 
venient to dissolve the enzyme in 0 1 per cent ammonia water to a con- 
centration of 2 0 mg per ml After filtration of this solution, an equal 
volume of 0 1 per cent ammonia water was passed through the filter By 
this method a sterile 1 0 mg per ml penicillinase solution was obtained, 
with negligible loss of activity durmg the filtration 
The application of this highly purified penicillinase to the routine steril- 
ity testing of penicillin and the optimal conditions for penicillinase activity 
are under investigation 


SUMMARY 

The production of penicillinase by representative organisms has been 
studied in a variety of test media Greatest production of the enzyme 
was obtained with culture NRRL 569 grown with aeration for 96 hours 
in buffered yeast extract broth The enzyme has been shown to be ex- 
tracellular and adaptive in nature 
Isolation of penicillinase from the culture filtrate was accomplished 
by adsorption on Hyflo Super-Cel, and elution with 0 075 m ammonium 
hydroxide 

Purification of the enzyme was achieved by precipitation at 100 per 
cent ammonium sulfate saturation, after preliminary removal of impuri- 
ties at the 50 per cent saturation level 
Yields and activity of the enzyme are specified 
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THE IDENTIFICATION OF COMPOUND B, A SUBSTANCE 
OCCURRING IN OX BILE, AS ALLOPREG- 
NANEDIOL-3((3) ,20(|3) 

By W H PEARLMAN* 

(From the Department of Experimental Medicine, Jefferson Medical College, 
Philadelphia ) 

(Received for publication, September 12, 1916) 

The author has described (1) the isolation of Compound B, mp 192- 
193°, from the non-ketonic, digitomn-precipitable fraction of the neutral, 
non-sap omfiable material obtained from ox bile The empirical formula 
C21H3JO2 was assigned and the substance tentatively regarded as an (alio) 
pregnane derivative containing a 3(/S)-hydroxyl group Lack of material 
prevented further structural elucidation 

After an unsuccessful attempt to 00 tain additional amounts of Compound 
B from another batch of o\ bile hydrolysate, recourse n as had to direct 
comparison of the melting points of Compound B and its dibenzoate with 
certain pregnanediol isomers and their respective derivatives (Table I) 
It is obvious from Table I that Compound B is neither allopregnanediol- 
30S), 20(a) nor pregnanediol-3(/3) ,20(8) Suspicion rested therefore on 
allopregnanediol-303) ,20((f) or possibly on the pregnanediol product, m p 
189-190 5°, uncorrected, described by Butenandt and Muller (6) Since 
only the benzoyl derivative of Compound B was available, the preparation 
of the dibenzoates (not previously described) of the compounds under 
consideration was undertaken Allopregnanediol-3(/S) ,20(/9) was prepared 
directly from A 5 -pregnenol-303)-one-2O by hydrogenation m the presence 
of platinum oxide Comparison of the melting points of the dibenzoates 
of the pregnanediol isomers in question with each other and with the 
dibenzoate of Compound B clearly favors aIlopregnanediol-3(/3) ,20(/3) 
Indeed, admixture of Compound B with the latter substance gave no de 
pression m melting point, and the same was the case with the respective 
benzoyl derivatives 

Of incidental interest are the unexpected results obtained when pro- 
gesterone was reduced m the presence of palladium catalyst (a reaction not 
previously descnbed) in order to obtain pregnanedione-3 , 20, an inter- 
mediate required for the preparation of pregnanediol-303), 20(a) by the 
method of Butenandt and Muller (6) Allopregnanedione-3 ,20 was ob- 
tained as the chief product, the mother liquors yielded a crystalline 

* Present address, Department of Biochemistry, Jefferson Medical College, 
Philadelphia 
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mixture, presumably of allopregnanedione and pregnanedione which could 
not be separated by chromatography It is interesting that similar 
reduction of a compound closely related to progesterone, namely A n “- 
pregnanedienone-3 , 20, was reported by Marker et al (8) to yield pregnane- 
dione and a small amount of progesterone In the bile acid sene8, 
Schoenheimer and Berliner (9) observed that partial hydrogenation of 
3-heto-A 4 -cholemc acid with active palladium gave a mixture of 3-keto 
chol imc acid and a small amount of 3-ketoallocholamc acid 
Allopregnanediol-3(/S),20(/3) piobably arises by the m vivo reduction of 
allopregnanol-3 (/3) -one-20 , a substance which has been isolated from the 


Table I 

Comparison of Compound B with Isomers of Pregnanediol 


Steroid 

Mp • 

M p of dibenzoate* 


°C 

•c 

Compound B 

192r-193 (1) 

234-235 (1) 

Allopregnanediol-3(0) , 20(/3) 

195-196 (2) 
192-194 (3) 

193 (4) 



193-194 

239-239 6 

Pregnanediol 3O),20(«) 

182 (5, 1) 

189-190 5 

(Uncorrected) ( 6 )t 

167-168 (1) 


190—191 t 

169 5 

Mlopregnanediol 30), 20 (a) 

218 (5) 


Pregnanediol 3(0), 200) 

176 (7) 



* The figures m parentheses are bibliographic reference numbers 
f Possible isomerism at C 17 is not excluded 


corpus luteum and the adrenal glands It is curious that the first pregnane- 
diol isomer to be isolated from bile contains a Cjo-/3-hydro\yl group, whereas 
the pregnanediol isomers and the pregnenediol which have been isolated 
from urinary sources (for a summary cf (10)) possess a C 20 -a-hydro\yl 
group It was the uniform configuration of the C 20 hydroxyl group in the 
latter compounds which led Marker et al (5) to designate it arbitrarily as 
the a or natural configuration Apparently the bile can serve as a medium 
for the excretion of C 21 steroid hormone metabolites In this connection, 
it is pertinent to mention that m a metabolism study by Pearlman and 
Pincus (11) pregnanediol-3(o:) ,20 (a) was isolated from the bile and urine 
of a postmenopausal woman after the oral administration of A 6 -pregnenol- 
3(/3)-one-2Q 

The above mentioned failure to isolate Compound B from ox bile may 
mean that this substance does not regularly occur in the bile, since identical 









W H PEARLMAN 


475 


source material was not available to the author The non-ketomc, digi- 
tomn-precipitable material obtamed m the course of this investigation 
yielded complex crystalline mixtures from which a product, m p 175-176°, 
tv as obtamed in amount insufficient for analysis, it gave a negative Rosen- 
heim test (90 per cent aqueous trichloroacetic acid) at room temperature 
The non-ketomc fraction, however, did yield a compound previously iso- 
lated from this source, namely Compound C 

EXPERIMENTAL 

AllopregnanedwlrS(^) ,20(0) from. A B -Pregn enol-S(J3)-one-20 — 108 mg 
(0 345 msi) of A s -pregnenol-3 03)-one-2O, m p 189-190°, were dissolved in 
11 ml of acetic acid and hydrogenated in the presence of 88 mg of platinum 
oxide which had been previously reduced 0 74 mM of hydrogen was taken 
up The filtrate was evaporated in vacuo , traces of acetic acid were 
removed by repeated addition of alcohol and evaporation The residue 
was repeatedly crystallized from alcohol, yielding 32 mg of needles, m p 
193 5-194° The meltmg point was not raised by recrystallization from 
ethyl acetate The diacetate melted at 141 5-142° (c/ m p 142-143° 
( 2 )) 

Dibenzoate of Allopregnanediol-SQ 3) ,20(j 3) — 25 mg of the product, m p 
193-194°, was dissolved in 1 ml of pyridine and 0 2 ml of benzoyl chloride 
was added After standing at room temperature for 48 hours, the reaction 
mixture was poured mto an excess of a dilute solution of sodium carbonate 
and heated for about 15 minutes on the steam bath The granular product 
was washed with water, dned, and repeatedly crystallized from benzene- 
alcohol, 25 mg of needles, m p 239-239 5°, were obtamed 

C»H„0, Calculated, C 79.50, H 8 40, found, C 1020 , H 8.24 

Partial Reduction of Progesterone — 481 mg of progesterone, m p 128- 
129°, were dissolved in 15 ml of absolute ethanol and hydrogenated in the 
presence of palladium on zirconium oxide (American Platinum Works) 
After 85 minutes the hydrogen uptake ceased, 1 15 mu equivalents of 
hydrogen having been absorbed Crystallization from alcohol yielded 
225 mg of crystals, mp 190-198°, repeated crystallization from this sol- 
vent gave 142 mg , m p 198-201° Chromatographic analysis of the 
mother liquors gave crystalline mixtures with melting points ranging from 
111-170° 

Dibenzoate of PregnanedioUS(fi) , 20(a) — 6 mg of the crystalline product, 
m p 190-191°, which had been prepared by reducing pregnanol-3 (/9)~one-20 
with isopropyl alcohol and sodium (6), were benzoylated in the usual way 
The product, on repeated crystallization from alcohol, yielded 3 mg of 
plates, mp 168-169 5° 
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SUMMARY 

Compound B, a substance which occurs occasionally m ox bile, has been 
identified as allopregnanediol-3 (j3) , 20 (jS) 

Dr Gregory Pincus kindly supplied ox bile hydrolysates and preg- 
nenolone I am indebted to Dr C R Seholz and to Dr Erwin Schwenk 
for generous amounts of progesterone Dr J J Pfiffner kindly furnished 
allopregnanedione Mr James Rigas performed the C and H analysis 
I am grateful to Mr Irwin Schreibman and to Miss Edith Goldberg for 
their technical assistance 
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EFFECT OF DEHYDRATION ON ENZYMIC DESTRUCTION OF 
CAROTENE IN ALFALFA* 

By H L MITCHELL and H H KING 
( From the Department oj Chemistry, Kansas State College, Manhattan) 

(Received for publication, September 17, 1946) 

It has been demonstrated that hpoxidase is responsible for a considerable 
part of the destruction of carotene in alfalfa as it cures m the field (1) 
There have been no reports concerning the carotene-destroying ability of 
peroxidase, which is also present m alfalfa Tins investigation was under- 
taken to determine whether these two oxidative enzymes are involved m 
the destruction of carotene that occurs during the storage of dehydrated 
alfalfa meal 


EXPERIMENTAL 

Alfalfa was harvested when m early bloom Part of the fresh material 
was blanched with steam at atmospheric pressure for 10 minutes The 
blanched and unblanched materials were then dehydrated m a pilot plant 
dehydrator and were ground to pass through a 1 mm screen The samples 
were stored at —23° until used 

The temperature of the hot gases at the entrance of the dehydrator 
tunnel was about 550° The temperature at the exit was 150° These 
conditions are comparable to those which are used with many commercial 
dehydrators 

Lipoxidase and. Peroxidase Activity — An extract of fresh alfalfa was pre- 
pared by dispersing 1 gm of fresh tissue m 100 ml of water with a Waring 
blendor Extracts of the alfalfa meals were prepared by steeping 2 gm of 
meal in 50 ml of water for 1 hour and filtering Into a 125 ml Erlenmeyer 
flask were placed 2 ml of the extract to be tested, 10 ml of water, 10 ml 
of pH 6 5 phosphate buffer, and 1 ml of a solution consisting of approxi- 
matey 100 7 of carotene and 0 6 mg of Wesson oil per ml of acetone The 
contents of the flask were mixed by swirling and the flask was placed m an 
incubator at 36° After 1 hour 35 ml of 95 per cent ethanol were added, 
followed by exactly 50 ml of Skellysolve B The flask was stoppered and 
shaken vigorously The contents of the flask were poured into a separa- 
tory funnel, water was added, and the aqueous layer was removed The 
Skellysolve B solution, containing the undestroyed carotene, was washed 
with water and was dried over anhydrous sodium sulfate Carotene was 

• Contribution No 322, Department of Chemistry, Kansas State College This 
work was supported by the Kansas Industrial Development Commission 
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measured with a Beckman spectrophotometer at 4360 A A blank de- 
termination was made by substituting an equal volume of water for the 
alfalfa extract Lipoxidase activity was expressed as per cent destruction 
of the carotene that was added 

Peroxidase activity was observed qualitatively as described by Proctor 
(2) The test was performed on both heated and unheated extracts to 
guard against erroneous results due to oxidation of the benzidine reagent 
that may occur if iron or copper salts are present (2) 

The results of these tests, presented m Table I, show that lipoxidase was 
inactivated by the dehydration process, while peroxidase was not Peroxi- 
dase was inactivated by blanching, however 
Effect of Peroxidase on Carotene Destruction — Since the dehydrated meal 
gave a positive test for peroxidase, the experiment which follows was per- 
formed to determine whether alfalfa peroxidase possesses carotene-de- 
stroying activity 


Table I 

Lipoxidase and Peroxidase Activity of Fresh, Dehydrated, and Blanched 
Dehydrated Alfalfa 


Treatment 

Lipoxidase, carotene 
destroyed 

Peroxidase 

Fresh 

per cent 

62 

Positive 

Dehydrated 

0 

<< 

Blanched dehydrated 

0 

Negative 


10 gm of the dehydrated alfalfa meal were steeped m 200 ml of water for 
1 hour The mixture was filtered and part of the resultmg extract was 
heated for 10 minutes on a steam cone Into a 125 ml Erlenmeyer flask 
were placed 30 ml of the extract to be tested, 15 ml of water, and 5 ml 
of a carotene solution consisting of approximately 100 y of carotene per ml 
of acetone 4 drops of 3 per cent hydrogen peroxide were then added 
After 1 hour the unaltered carotene was removed by adding 50 ml of 
ethanol, transferring the mLxture to a separatory f unn el, and extracting 
four times with 40 ml portions of Skellysolve B The carotene was meas 
ured as previously described Heated and unheated extracts were used 
both with and 'without the addition of hydrogen peroxide This test 
differed from the qualitative peroxidase test m that carotene in acetone 
was added as the oxidizable material instead of benzidine m alcohol The 
presence of the acetone did not inhibit the enzyme, since the benzidine test 
when 5 ml of acetone were added was strongly positive 
The results of this experiment, presented m Table II, show that the 
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peroxidase which was extracted from dehydrated alfalfa meal did not cause 
the oxidation of carotene 

Effect of Blanching Prior to Dehydration on Retention of Carotene during 
Storage — Although peroxidase after extraction from the meal did not de- 
stroy carotene, it is possible that it can do so when In its natural relation- 
ship to other constituents m the meal If this is the case, blanching before 
dehydration should result in better retention of carotene during storage 
of the meal 


Table II 

Effect of Alfalfa Peroxidase on Carotene Destruction in Aqueous Solution 


Treatment 

Carotene recovered 


T 

Blank 

521 

Heated extract 

523 

Extract 

523 

Heated extract + HjOi 

527 

Extract + n,0, 

510 


Table III 


Effect of Blanching Prior to Dehydration on Carotene Retention during Storage 

of Alfalfa Meal 


Treatment 

Carotene after storage 

Loss 

0 mo 

1 mo 

2mos 

lmo 

2moa 

Dehydrated 

Blanched dehydrated 

y per im 

228 

243 

i 

7 per gm 

175 

186 

y per tm 

126 

138 

Percent 

23 2 

23 5 

Per cent 

44 7 

43 2 


The meals were stored in the dark at room temperature (27-34°) Caro- 
tene was determined after 0, 1, and 2 months of storage by the method of 
Silker, Schrenk, and King (3) 

It has been reported that peroxidase solutions which have been inacti- 
vated by heat regam their activity upon standing (4) Accordingly, the 
hpoxidase and peroxidase tests were repeated after 2 months of storage 
No regeneration of either enzyme was detected 
The results of this experiment (Table III) show that blanching prior to 
dehydration did not result in greater retention of carotene Smce there was 
no regeneration of peroxidase activity during storage of the blanched de- 
hydrated meal and smce the dehydrated meal contmued to show activity, 
these results are further evidence that alfalfa peroxidase is not responsible 
for carotene destruction in storage Smce hpoxidase also remained mac- 
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tive, these data indicate that carotene destruction m stored dehydrated 
alfalfa is probably not enzymic in nature 

SUMMARY 

Alfalfa hpoxidase was inactivated by the dehydration process Per- 
oxidase was inactivated only when the alfalfa was blanched before dehydra- 
tion 

Alfalfa peroxidase, either in aqueous extracts or in the meal, did not 
catalyze the oxidation of carotene 

There was no regeneration of either hpoxidase or peroxidase activity 
duung stoiage of alfalfa meal over a 2 month period 
Blanching of alfalfa prior to dehydration did not increase the retention of 
carotene during storage Carotene destruction during storage does not 
appear to be enzymic m nature 
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NEW FACTORS IN THE NUTRITION OF LACTOBACILLUS 

CASEI* 

Bt M L SCOTT, L C NORRIS, and G F HEUSER 
With the Technical Assistance op Lena Stbuglia 

(From the Agricultural Experiment Station and the School of Nutrition, 
Cornell University, Ithaca) 

(Received for publication, September 23, 1946) 

Studies of the nutritive requirements of the bacterium, Lactobacillus casei, 
have contributed much to our present knowledge of animal nutrition 
It appears that the vitamin requirements of this microorganism are very 
similar to those of animals 

Landy and Dicken (1) reported a microbiological assay method for six 
B vitamins with Lactobacillus casei and a medium of essentially known 
composition This work indicated that the vitamin requirements of L 
casei were met by inclusion in the growth medium of riboflavin, biotm, 
pantothenic acid, pyndoxme, nicotinic acid, and fohc acid This method 
of assay was found to work successfully m many laboratories However, 
m some laboratones good growth of L casei could not be obtained on this 
medium 

Pollack and Lindner (2) reported a growth stimulant for Lactobacillus 
casei which was present in Wilson’s peptone They reported that gluta- 
mine was capable of replacing the peptone factor, but that glutamine itself 
could not be identical with the active factor m peptone since it is easily 
destroyed by mild alkaline hydrolysis while the factor m peptone is not 

Woolley (3) reported that certain hemolytic streptococci require an 
unknown factor for growth Later, Sprrnce and Woolley (4) found that, 
under certain conditions, this factor is also required by a variety of bacteria, 
including Lactobacillus casei These workers have tentatively named the 
factor strepogenm Sprrnce and Woolley (5) have found strepogenm to 
be an integral part of certain purified proteins from which it can be freed 
most efficiently by incubation with trypsm Their studies of the properties 
of this factor have led them to suggest that it may be a peptide They 
have reported that strepogenm is dialyzable after trypsm digestion, that it 
is destroyed by acid hydrolysis, and that it is adsorbed to some extent by 
barium sulfate, but not by charcoal 

* This work was undertaken in cooperation with the Office of Naval Research, 
Navy Department, Washington, D C , and was aided by grants to Cornell Umver 
sity by the Western Condensing Company, San Francisco, and the Nutrition Foun- 
dation, Inc , New York The work was conducted m the Nutrition Laboratories 
of the Department of Poultry Husbandry, Cornell University 
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Attempts in this laboratory to determine folic acid with Lactobacillus 
casei assay with a basal medium containing all of the known growth essen- 
tials for L casei failed when sulfuric acid-hydrolyzed, charcoal-treated 
Difco isoelectric casern was used as the source of the casein hydiolysnte 
Other sources of casern hydrolysate proved to furnish something which was 
lacking in the Difco casein and gave varying degrees of growth response 
when used m the medium for fohc acid assay These differing growth 
responses were most pronounced during the first 16 hours of incubation 
The addition of a mixture of twenty ammo acids to the Difco casein medium 
at a level of 2 mg of each ammo acid per assay tube did not produce any 
improvement in growth This mixture contained all sixteen of the amino 
acids shown by Hutchings and Peterson (6) to meet the amino acid require- 
ments of L casei and, in addition, contained glycine, norleucine, prolme, 
and hydroxyprohne 

An investigation was undertaken, therefore, to discover a source of the 
missing growth factors which would be suitable for supplementing the 
basal medium for the determination of fohc acid 

EXPERIMENTAL 

Since our basal medium was very similar to that used by Sprmce and 
Woolley (4) for the determination of strepogenm, it was assumed that 
strepogenm was the factor not present m our basal medium 

With the hydrolyzed Difco casern basal medium plus adequate folic 
acid, a senes of assays was made to determine the relative potency of 
vanous natural matenals in terms of strepogenm The composition of the 
basal medium is presented in Table I 
All samples were digested with trypsin prior to assay according to the 
method of Spnnce and Woolley (5) A trypsin blank was run m each assay 
and the amount of strepogenm due to the trypsin present in each digest 
was subtracted to give the strep ogemn content of the material itself 
Vanous levels of the matenal to be assayed were added to 5 ml of the 
basal medium and then each assay tube was filled to a volume of 10 ml 
with distilled water The tubes were autoclaved for 10 minutes at 15 
pounds pressure, cooled, and 1 drop of a stenle solution of pyndoxal con- 
taining approximately 200 milhmicrograms per drop was added to each 
assay tube by means of a stenle micro burette The pyndoxal was sterilized 
by filtration through a Seitz bactenological filter 

The method of handling the Lactobacillus casei culture is of paramount 
importance in conducting a successful assay for strepogenm It was found 
that, in order to obtam an optimum rate of growth of this microorganism 
dunng the first 16 hours on any medium, a culture of high metabolic activity 
is essential In order to keep the culture m this active form, it is necessary 
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to use the following procedure Each week, the culture of Lactobacillus 
casei is transferred from the agar stab mto 10 ml of a broth containing 
glucose, Bacto-tryptone, Difco yeast extract, fresh beef liver extract, and 
dipotassium phosphate The composition and method of preparation of 
this broth are described by Nymon, Gunsalus, and Gortner (8) After 24 
hours incubation in this broth, the organism is transferred to an agar stab 


Table I 

Basal Medium Jot Lactobacillus case i 


Casein hydrolysate (norit A)* 

10 gm 

l Cystine (dissolved in HC1) 

400 mg 

1-Tryptophane 

400 “ 

Dextrose 

40 gm 

Sodium acetate trihydrate 

40 “ 

KiHPOi 

5 “ 

Adenine, guamne, and uracil, each 

20 mg 

Xanthine 

20 “ 

Salt Solution B (Snell and Strong (7)) 

Adjust to pH 6 6-6 8, steam, filter through Celite 

Add 

10 ml 

Folic acid 

4 y 

Pyridoxine 

2400“ 

Thiamine 

400“ 

Riboflavin 

400“ 

Niacin 

1200“ 

Ca pantothenate 

800“ 

Biotin 

800 millimicrograms 

p Ammobenzoic acid 

20 y 

Pyndoxalf 

40“ 

Make to 

1000 ml 


* Sulfuric acid hydrolyzed Difco isoelectric vitamin free casein (100 gm in 500 
ml of solution) is adjusted to pH 3 0 Add 10 gm of nont A (nont A is activated 
immediately before use by autoclaving it for 3 hours at 20 pounds pressure), stir 
for 15 minutes at room temperature, filter and store in the refrigerator 

t Pyndoxal was stehlized by filtration and added aseptically after autoclaving 
assay tubes 

of the same composition but also containing 1 5 per cent agar and 0 1 per 
cent calcium carbonate After a 24 hour incubation, these agar stabs are 
stored in the refrigerator for use throughout the following week 

The inoculum tube for the strepogemn assay is prepared by transferring 
by sterile needle from the agar tube to 10 ml of the Difco casern basal 
medium to which have been added 50 mg of charcoal-treated Difco Bacto- 
peptone and 20 mg of potassium permanganate-treated whey extract 
These supplements are prepared m the following manner 
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10 gm of Difco Bacto-peptone aie dissolved in 100 ml of distilled water 
10 gm of Darco G-60 are added and the mixture is stirred for £ hour and 
filtered This adsorption is repeated for two more $ hour periods nnd ( the 
final filtrate is used m making up 1 hter of medium The whey extract is 
prepared by steaming a solution of 50 gm of dried whey in 500 ml of 


Table II 

Relative Slrepogenm Content of Various Materials 


Material 

Potency* 


mg units per gm 

Crude casein 

4400 

Dried buttermilk 

2400 

Purified casein 

2000 

Tryptone (Difco) 

2000 

Dried skim milk 

1700 

“ whole “ 

1300 

Blood fibrin (commercial) 

1250 

Dried brewers’ yeast 

1000 

Soy bean meal 

1000 

Dried whey 

950 

Lactalbumin 

760 

Dried cereal grasses 

550 

Fish-meal 

450 

Meat scrap 

450 

Alfalfa meal 

350 

Liver meal 

290 

Dried egg albumin 

240 

Liver fraction L (Wilson) 

210 

Autoclaved dried egg albuminf 

100 

Gelatin 

55 

Corn starch 

35 


* Potencies have been compared to that of dried brewers’ yeast which has been 
assigned a value of 1000 mg units per gm 

t Dried egg albumin autoclaved for 3 hours at 120° 


distilled water for 5 minutes and filtering When the temperature of the 
extract reaches 50°, 5 gm of KMn0 4 are added After being stirred for 
5 minutes, the brown precipitate is removed by filtration, 40 ml of this 
solution are added per hter of medium 

After 24 hours, the inoculum is centrifuged, washed twice with 10 ml 
portions of sterile physiological saline, and then resuspended in 10 ml of 
the saline The inoculum is diluted by pouring this 10 ml suspension of 
cells into 500 ml of sterile saline Each assay tube is inoculated with 1 
drop of this diluted cell suspension by means of a sterile micro burette 
After 16 hours mcubation, the strepogemn content is determined turbidi- 
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metrically with a Coleman model 11 spectrophotometer The relative 
strepogenm content of a variety of materials is presented in Table II The 
strepogenm content is expressed in mg units per gm based upon a com- 
parison to the strepogenm content of strain S dned brewers’ yeast which 
was assigned a value of 1000 mg units per gm 

As reported by Spnnce and Woolley (5), casern was found to be an ex- 
cellent) source of the factor Dned brewers’ yeast, dned whole milk, 
dned ^kim mdk, dned buttermilk, dned whey, and soy bean meal were all 
found to be good sources of the factor Difco tryptone was also found to 
be a very good source On the other hand, egg albumin, gelatin, liver meal, 
fish-meal, meat scrap, Wilson’s liver fraction L, fish press water, and 
alfalfa meal were all found to be relatively poor sources of the factor 

Since the factor required by Lactobacillus casei was found to be present 
in high amounts in matenals such as casern, yeast, and soy bean meal, 
known to be good sources of the chick growth factor S of Schumacher, 
Heuser, and Noms (9), it was considered possible that factor S might be 
identical with the microbiological growth factor Hill (10) has shown 
that factor S is not removed from solution by treatment with charcoal, a 
property also reported by Spnnce and Woolley (5) for strepogenm 

In view of this, a solution of tryptone was treated three times for £ hour 
each with an equal weight of Darco G-60 at pH 3 0 and the filtrate was 
assayed by Lactobacillus casei In this case, although some growth 
resulted in the 16 hour incubation penod, it plateaued at a submaximum 
level Such a plateau strongly indicated that at least two required factors 
were present m the onginal tryptone solution, one of which was adsorbed, 
the other not adsorbed 

Chu and Williams (11), in studies on the "peptone factor” for Lacto- 
bacillus casei, have stated that the effect of peptone upon the growth of 
L casei may be simulated by a mixture containing glutamine, p-amino- 
benzoic acid, and pyndoxal Since our medium already contained p- 
aminobenzoic acid and pyridoxal, it was necessary to study only the effect 
of glutamine Since, as Pollack and Lindner (2) have pointed out, gluta- 
mine is more readily hydrolyzed by autoclaving than is the peptone factor, 
it was thought that perhaps glutamine was necessary merely in the forma- 
tion of some other growth essential, perhaps glutathione Consequently, 
a study was conducted to compare the effects of glutamine and glutathione 
upon the growth of L casei It was found that, although glutamine and 
glutathione had very httle effect upon growth when added alone, the growth 
of L casei upon the tryptone filtrate plus glutathione was somewhat greater 
than that upon the tryptone filtrate alone Even though glutathione 
caused an mcrease in growth of L casei above that obtained with the 
tryptone filtrate alone, the response of the organism to these two factors 
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was still subraaxiraum Thus it appeared that at least one more factor is 
required for normal growth of L casei 
Studies conducted in this laboratory on chicks and'hens have shown the 
need for growth and reproduction m the chicken of an unknown factor 
present in such animal products as liver, fish-meal, and milk products 
It was considered possible that Lactobacillus casei might also need this 
unknown factor Since this factoi is known to be soluble m 95 per cent 
alcohol, while strepogemn, prior to trypsin digestion, is not, an alcohol 
extract was made of dried whey 

Table III 


Effect of Darco-Treated Tryptonc Filtrate , Potassium Permanganate-Treated Alcohol 
Extract of Whey, and Glutathione upon 16 Hour Growth Response of Lactobacillus casei* 


Supplement 

Level 

Galvanometer readings! 

Without i 

glutathione ^ 

100 y glutathione 
per tube 


mg 

! 


None 


100 

98 

Tryptone filtrato 

5 

93 

92 


10 

94 

92 


20 

95 

92 

KMnOt-treated alcohol extract 

5 

98 

91 

of whey 

10 

95 

81 


20 

92 

80 

KMnOctreated alcohol extract 

20 



of whey 




+ tryptone filtrate 

5 

48 5 

42 


10 

39 0 

34 


20 

28 0 

19 5 


* Representative experiment conducted in quadruplicate 

f A reading of 100 represents no growth, a reading of approximately 20 represents 
maximum growth 


This is done by steaming 50 gm of dried whey with 100 ml of 95 per cent 
ethanol for § hour and filtering This extraction is repeated foi two more 
§ hour periods and the combined filtrates are taken almost to dryness on a 
steam bath and then made to 500 ml with distilled water and filtered 
In the first assays this preparation, when added alone, was found to 
produce fair growth of Lactobacillus casei However, later it was found 
that the “animal protein factor” was stable to oxidation with a small 
amount of potassium permanganate, while strepogemn was readily de- 
stroyed by this procedure Accordingly, traces of strepogemn present in 
the alcohol extract of whey were removed by treatment with KMnOj 
This permanganate treatment is carried out m the following manner 
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The aqueous solution obtained after alcohol extraction of the whey is 
heated to 50° and treated with 5 gm of KMnO* for 5 minutes The pH of 
the solution is adjusted to 7 0 and a solution of 30 per cent hydrogen per- 
oxide is added, drop by drop, until the violet color of the permanganate 
has disappeared The resulting brown precipitate is filtered off and the 
filtrate is ready for use Very little or no growth was obtained when this 
permanganate-treated alcohol extract of whey or the tryptone filtrate was 
supphed singly Good growth was obtained with a combination of these 
two preparations However, a maximum rate of growth of Lactobacillus 
casei, over a 16 hour growth period, was obtained only when glutathione 
was supphed m addition to these two preparations These results are 
presented m Table TTI 


msrnssioN 

Evidence has been presented showing that under certain conditions 
LaclobaciUus casei requires, in addition to the known growth essentials, 
strepogenm, a factor present m animal products, and glutathione in order 
to maintain an optimum rate of growth during the first 16 hours of 
incubation 

The fact that hydrolysates of samples of casern from different sources 
vary widely in their content of strepogenm probably accounts for the 
failure of many workers to recognize the need of strepogenm for the growth 
of Lactobacillus casei 

Smce the properties and distribution in natural materials of strepogenm 
and the chick growth factor S of Schumacher, Heuser, and Norm (9) are 
similar, it is possible that these two factors are identical Evidence to 
this effect, based upon chick growth studies, is being presented m another 
report 

The growth-promoting effect of the factor present in the potassium 
permanganate-treated alcohol extract of whey could be shown only when it 
was included in the medium together with a source of strepogenm freed of 
this factor by charcoal adsorption Smce this factor appears to be present 
in most casern hydrolysates, it was found necessary to treat the casein 
hydrolysate with charcoal m order to reveal the growth -promoting effect 
of the factor Whey, fresh beef hver, Wilson’s solubilized liver, and con- 
densed fish press water have all been found to be good sources of this factor 
It can be extracted from all of these materials by 95 per cent ethanol It 
is readily adsorbed at pH 3 0 on either Darco G-60 or nont A and can be 
eluted by a 10 per cent solution of ammonium hydroxide in 95 per cent 
ethanol Strepogenm is not adsorbed under these conditions The factor 
present in animal products is stable to Bteat and oxidation Strepogenm 
is destroyed by prolonged autoclaving and by mild oxidation 
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The properties and the distribution of the whey factor indicate that 
it may be identical with the factor of animal origin required for normal 
reproduction m hens Evidence for this hatchabihty factor was probably 
first presented by Byerly, Titus, and Ellis (12) m 1933 Since that time 
a great deal of work has been done showing the need of such a factor for 
chick growth and for reproduction m hens on diets containing protein from 
vegetable sources only This factor has been referred to from time to time 
as the “animal protem factor ” 

The effect exerted by glutathione upon the growth of Lactobacillus case i 
is usually not as pronounced as that produced by the other two factors 
However, it always produces a definite improvement in growth and, m 
all assays for the other factors, glutathione has been included m the basal 
medium The varying responses to the addition of glutathione may be 
due to tbe presence of varying amounts of this substance in the basal 
medium, or to a varying rate of synthesis of this substance by Lactobacillus 
casei 

It has been found that by including the Darco filtrate of tryptone, the 
potassium permanganate-treated whey extract, and glutathione in the 
basal medium and omitting folic acid a 16 hour assay may be conducted for 
this vitamin by using the procedure outhned for the strepogemn assay 
By suitable modifications of the procedures for preparation of the medium 
and the supplements containing the unknown factors, it appears highly 
probable that satisfactory assay procedures could be developed for the other 
members of the vitamin B complex required by Lactobacillus casei 

SUMMARY 

Evidence has been presented showing that, under certain conditions, 
Lactobacillus casei requires, m addition to the known growth essentials, 
(1) strepogemn, (2) a factor associated chiefly with animal products, and 
(3) glutathione m order to maintain an optimum rate of growth during the 
first 16 hours of incubation 

The assay procedures used in the determination of strepogemn and the 
factor of animal origin have been described 

The apphcation of the findings presented m this report to Lactobacillus 
casei assays for other members of the vitamin B complex has been discussed 

We -wish to thank Dr Karl Folkers, of Merck and Company, Inc, 
Rahway, New Jersey, for the pyndoxal, and Dr T H Jukes, of the Lederle 
Laboratories, Inc , Pearl River, New York, for the synthetic folic acid used 
m this study 
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HYDROLYSIS OF RIBONUCLEIC ACID WITH PHOSPHO- 
ESTERASE FROM CALF INTESTINAL MUCOSA 

By CHARLES A ZITTLE 

(From The Biochemical Research Foundation, Newark, Delaware) 
(Received for publication, July 29, 1946) 

The hydrolysis of nhonucleic acid by an enzyme preparation from 
calf intestinal mucosa has been follow ed manometncally (1) by the libera- 
tion of CO- from a NaHCOj medium The liberation of secondary phos- 
phoric acid groups by a phosphodiesterase presumably was measured 
This enzyme preparation was also a potent phosphomonoesterase (alkaline 
phosphatase) 

The above phosphodiesterase was active with very low substrate con- 
centrations (1) in contrast with the phosphodiesterase nbonucleinase (1, 
2) This property permitted the enzyme to be used quantitatively to 
measure the secondary phosphoric acid groups liberated on the hydrolysis 
of ribonucleic acid, which has been done both manometncally and titn- 
metncally In addition, the course of the enzymatic hydrolysis of the 
nucleic acid was determined from the increases m phosphorus soluble m 
the uranium reagent and inorganic phosphate 

EXP E BIMENTAI, 

Preparation of Enzyme — Calf intestinal mucosa was obtained, treated 
with trypsin, and filtered as descnbed for the preparation of alkaline 
phosphatase (3) The filtrate was precipitated with 600 gm of ammonium 
sulfate per liter, the precipitate was collected on a Buchner funnel and 
dned m a vacuum desiccator This product, about 70 per cent of which 
was ammonium sulfate, contained 1 4 units (see below) of phospho- 
diesterase per 10 mg and 50 8 units of phosphomonoesterase per 10 mg , 
assayed by the method of Huggins and Talalay (4) with magnesium added 
Approximately 5-fold increase in the activity of both was readily ac- 
complished by the following procedure 2 0 gm are dissolved in 80 cc 
of water with the addition of 1 0 cc of n NaOH The solution is cen- 
trifuged and dialyzed in a Viskmg tube against three 2 liter portions of 
water at 7° over a period of 24 hours The precipitate which forms is 
discarded and the solution is treated with 2 volumes of cold acetone and 
3 0 cc of 2 n sodium acetate The precipitate which forms on addition 
of the latter is dissolved m 50 cc of water, treated four successive times 
with 5 0 cc portions of Cy al umina (5) (14 6 per cent sohds, wet weight), 
and finall y precipitated with 2 volumes of acetone and 1 0 cc of 2 ^ sodium 

491 



492 


RIBONUCLEIC ACID AND PHOSPHOESTEIUSE 


acetate The precipitate is washed once with acetone and dried in a 
stream of air The resulting white powder, about 17 per cent of the 
starting material, contains almost all of the original activity, is completely 
soluble m w ater, and assays 8 0 units of phosphodiesterase and 218 units 
of phosphomonoesterase per 10 mg This material was used m the studies 
v Inch follow 

Determination of Phosphodiesterase Activity — The activity was deter- 
mined w ith Warburg equipment at 37° The enzyme was placed m the 
side arm of Warburg flasks with the following reagents m the bottom 
0 8 cc of 0 5 m NaHCOj, 1 0 cc of 2 per cent ribonucleic acid (sodium 
nucleinate or the free acid after purification (6)) adjusted to pH 8 0 and 



Fig 1 Evolution of COj by the action of phosphodiesterase on various concentra 
tions of ribonucleic acid 4 0 mg of enzyme were used in each experiment under the 
conditions employed for the determination of the activity Ribonucleic acid Sample 
(EAii- 2), mg , Curve A, 4 0, Curve B, 2 0 

water to make the total volume 3 5 cc An atmosphere of 5 per cent 
C0 2 -95 per cent N 2 w as employed , the pH was 8 14 A liberation of C0 2 
proportional to the amount of the enzyme was obtained when the rate 
was within 100 c mm per 10 minutes A unit of enzyme was defined as 
the amount liberating 50 c mm of C0 2 m 10 minutes under the above 
conditions 

Quantitative Use of Phosphodiestei ase — The amount of nucleic acid 
used in the above assay (20 0 mg ) is in excess and gives a linear evolution 
of C0 2 for more than 30 minutes With smaller amounts of nucleic acid 
the release of C0 2 initially is large and decreases and finally stops (Fig 1) 
Phosphate determinations have shown that the substrate is completely 
dephosphorylated The level of C0 2 production reached is a measure 
of the acid groups released but its exact estimation is subject to several 
corrections Corrections w ere made for the retention of C0 2 due to carbo- 
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nat.e ion and buffers ((7) pp 125, 207) (determined by introducing a 
known amount of citric acid into the same system with the enzyme in- 
activated by heating 5 minutes at 100°) and for the dilution effect on adding 
the enzyme ((7) p 216) In experiments performed under the conditions 
employed for the determination of activity both of these corrections were 
made Experiments were also performed with 0 4 cc of 0 5 m NaHC0 3 
and an atmosphere of 2 per cent COi-98 per cent N* (pH 8 29) Under 
these conditions the dilution effect was negligible but the effect due to 
carbonate ion was quite large Some experiments were performed with 


Table I 

Liberation of Secondary Phosphoric Acid Groups from Various Samples of Ribo 
nucleic Acid, in Terms of Evolution of COi, by Action of Phosphodiesterase 


Sample* No 

1 

Nucleic acid P 
insoluble in uranium reagent 
(MacFadyeft (9)) 

COi evolved from 2 5 mg 

nucleic acid i 

Ratio COi 
found to COi 
theoretical 


Theoretical j 

| Found t 


mg per 2J mg 

moles per 2J 1 
mg X 10 * j 


Mi 


EAn 2 

0 166 

5 30 

120 

mSu 

0 85 

El, purified 

0 185 

5 98 

134 


0 71 

Mi 

0 183 

5 91 

132 

■in 

0 78 

EAni, purified 

0 204 

0 48 

140 

109 0 | 

0 75 


* These samples were obtained commercially EA, Elmer and Amend, E, Eastman, 
M, Merck 

t Theoretical for one secondary phosphoric acid group for each atom of phos 
phorua 

t Average of values obtained with 2 0 to 5 0 mg of nucleic acid 

0 2 cc of 0 5 m NaHCOj and an atmosphere of 5 per cent CCV95 per cent 
Nj (pH 7 62) For these experiments the above corrections were negli- 
gible but at this pH adenosine deaminase which was present in the enzyme 
preparation (8) was active and m consequence the results were low The 
results were corrected by the deamination obtained with an equivalent 
amount of mononucleotides prepared by the alkaline hydrolysis of nucleic 
acid 1 In some experiments at this pH the deaminase was inhibited with 
Bilver (8) with hke results 

The results obtained under the different conditions with several samples 
of nucleic acid are summanzed in Table I The data obtained by each 
method were reproducible within ±4 per cent, the data by the different 
methods agreed within ±7 5 per cent The ratios in the last column are 
equivalent to the number of acid groups liberated for each atom of nucleic 
acid phosphorus, for consideration of the number per tetranucleotide 

1 Zittle, C A , / Franklin Inst , 242, 221 (1940) 
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000 4 00 too 6 00 7 00 BOO 9.00 1000 


pH 

Fig 2 Titration curves of ribonucleic acid before and after hydrolysis with 
phosphoesteraso from calf intestinal mucosa 0 50 gm of nucleic acid (Sample 
EAii- 2) was hydrolyzed with 50 0 mg of enzyme in a volume of 50 0 cc for 24 hours 
at 25 with chloroform present Occasionally n NaOH was added to bring the pH 
above 8 0 The completion of hydrolysis was confirmed by the liberation of phos 
phone acid Titration of the unhydrolyzed sample was performed with a similar 
solution with the enzyme inactivated (5 minutes at 100°) Both solutions were 
titrated to about pH 3 0 with n HC1 and the back titration performed with 0 1 n 
NaOH The equivalents of nucleic acid were based on the P insoluble in the 
uranium reagent (1 mole = 4 P) Curve A, unhydrolyzed, Curve B, hydrolyzed 
nucleic acid 

residue this ratio should be multiplied by 4 In comparing the results 
for the different samples of nucleic acid it should be kept in mind that they 
differ in degree of polymerization, for example, only 3 8 per cent of Sample 
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EA n -2 will dialyze through a cellophane membrane, whereas 15 8 per 
cent of Sample M r and 18 3 per cent of Sample E i, purified, will dialyze 1 
Titration of Ribonucleic Acid before and after Enzymatic Hydrolysis — The 
unhydrolyzed and hydrolyzed nucleic acids were titrated over the pH 
range 3 0 to 10 5 to measure the release of secondary phosphonc acid 



HOURS 

Fio 3 Enzymatic hydrolysis of ribonucleic acid measured by solubility in 
uranium reagent and liberation of inorganic phosphate 75 0 mg of nucleic acid 
(Sample EAn 2) were dissolved in 30 0 cc of water and 12 0 cc of 0 1 m NaHCOj 
24 0 mg of the enzyme in 5 0 cc of water were added and a sample (total P = Oil 
mg per cc ) taken immediately and mixed with an equal volume of uranium reagent 
The precipitate was removed by centrifuging and total P (Curve A) and inorganic 
phosphate P (Curve B) determined on the supernatant fluid by the method of 
King (13) 

groups This was also estimated from the NaOH required to restore the 
pH of the hydrolysate to its initial value of 8 70 The titration curves 
obtained (a duplicate experiment gave identical results) with the nucleic 
acid Sample EA n -2 are shown in Fig 2 The pomt of inflection for the 
unhydrolyzed nucleic acid was at 2 45 equivalents and pH 7 5 and for 
the hydrolysate 5 9 equivalents and pH 8 2 The net increase is 3 45 
equivalents per tetranucleotide residue The equivalents of base required 
to restore the pH of the hydrolysates to the initial pH were 3 76 and 3 85 
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for two experiments The slight dip m Curve B in the neighborhood of 
pH 5 5 may be m consequence of the deamination of adenosine (pK' = 3 45 
(10) p 213) The hydroxyl gioup which is formed by deamination has 
a pK' of 8 75 (11) and, at pH 8 2, 22 per cent of it would be titrated, how- 
ever, this much of the 0 25 equivalent of tetranucleotide involved is 
inappreciable 

Course of Enzymatic Hydrolysis of Ribonucleic Acid Solubility m 
Uranium Reagent and Inorganic Phosphate — The action of the enzyme 
preparations on ribonucleic acid was also followed by determining the 
v solubility of the nucleic acid m the uranium reagent (9, 12), in which 
tetranucleotides and larger components of nucleic acid are insoluble, 
and by determining the release of inorganic phosphate The course of 
hydrolysis under conditions that gave complete hydrolysis m less than 7 
hours at 20-25° is shown in Tig 3 The early lag of the inorganic P at 
about one-half of the value of the soluble P (mononucleotides) probably 
represents the difference m the rates of hydrolysis of punne and pyrimidine 
nucleotides 


DISCUSSION 

The number of secondary phosphonc acid groups liberated from nbo- 
nucleic acid by complete enzymatic hydrolysis is in fair agreement by 
manometnc measurement and by titration The number exceeds three per 
tetranucleotide residue (four P) and approaches four as a maximum with 
the most highly polymerized nucleic acid preparations 

Fletcher, Gulland, and Jordan (14) have postulated a formula for a 
tetranucleotide which contains a tnester of phosphonc acid The mano- 
metnc procedure would not differentiate between a secondary and a 
primary phosphonc acid group but the titration experiment which measures 
only secondary phosphonc acid seems definitely to exclude such a structure 
The presence of more than three secondary phosphonc acid bonds per 
tetranucleotide residue is most in accord with the formula proposed by 
Levene ((10) p 274) , how ever, a simple straight chain structure repeating 
the tetranucleotide unit would not account for the specificity of ribo- 
nucleinase which hydrolyzes only about one-third of nbonucleic acid 
(15, 12) -and yet releases all four of the mononucleotides (16) 

The complete hberation of phosphonc acid from nbonucleic acid by the 
mucosa enzyme is consistent with the release of more than three secondary 
phosphonc acid groups per tetranucleotide residue Gulland and Jackson 
(17) obtained only a 75 per cent dephosphorylation of nbonucleic acid 
by the action of an enzyme preparation with di- and monoesterase activity 
In a later paper (18) they report that Boehnnger and Merck nucleic 
acids were 75 per cent dephosphorylated by their enzymes but that the 
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Bntish Drug Houses nucleic acid w as 100 per cent dephosphorylated under 
the same conditions This difference Mas being investigated further 
Others (19, 3) have obtained complete dephosphorylation of ribonucleic 
acid with enzyme preparations from calf intestinal mucosa 

SUMMARY 

Ribonucleic acid was completely hydrolyzed, with the liberation of all 
of the phosphoric acid, by an enzyme preparation from calf intestinal 
mucosa The number of acid groups hberated during the hydrolysis was 
estimated by manometnc and titnmetnc procedures It was found that 
the number of secondary phosphoric acid groups hberated from the most 
highly polymerized preparations of nucleic acid approached four per 
tetranucleotide residue 
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ADENOSINE DEAMINASE FROM CALF INTESTINAL MUCOSA 
Br CHARLES A ZITTLE 

(from The Biochemical Research Foundation, Newark , Delaware ) 
(Received for publication, July 29, 19-16) 

la the course of studying the phosphoric acid esterases from calf intestinal 
mucosa (1, 2) the preparations w ere found to contain a potent deaminase 
for adenosine The method of preparation is simple and the procedure 
indicates that this enzyme is quite stable This deaminase is probably 
identical i\ ith that recently prepared by Brady (3) from the same material 
by a somewhat different procedure In the present studies the action 
of the enzyme w as follow ed manometncally , the utilization of this procedure 
for the estimation of adenosine is suggested 

EXPERIMENTAL 

Preparation of Enzyme — The enzyme preparation described elsewhere 
(2) was used throughout these studies The essential steps in the prep- 
aration are treatment of the mucosa with proteolytic enzymes, precipita- 
tion with 2 volumes of acetone with the addition of sodium acetate, 
treatment with Gy alumina which removes impurities, and finally precipita- 
tion and drying w ith acetone 

Specificity of Deaminase — Ribonucleic acid, desoxyribonucleic acid 
(depolymerized (1)), and adenylic acid are deaminated at pH 7 6 but not 
at pH 5 9, v hereas adenosme is deaminated at both pH values Since the 
enzyme preparation contains phosphoesterases (2) which are inactive at 
the low er pH it w as concluded that the first compounds are acted on only 
after dephosphorylation and that adenosme and desoxynboadenosme 
were the specific substrates The enzyme does not act on adenine 

Determination of Activity and Quantitative Application of Deaminase — The 
activity was determined by direct estimation of the NH3 liberated and 
also manometncally from the absorption of C0 2 into the system made 
alkaline by the liberation of NH3 

The direct procedure was used to demonstrate that NHj was formed 
from adenosme by the action of the enzyme and to determine the extent 
of the reaction The enzyme was allowed to act on the substrate, the 
solution was then made alkaline with K2CO3, and the NHj was steam- 
distilled from a micro-Kjeldahl apparatus into the standard acid Negli- 
gible blanks w r ere obtained with the concentration of alkali provided by 
the KiCOj with adenosme In a typical experiment 1 90 7 per cent of the 
ammo N was found as free NHj 

1 The amount of adenoBine used was based on the N content of the sample 
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Fig 1 Quantitative liberation of NHj from adenosine The experiments v,ere 
performed at 37° with an atmosphere of 5 per cent COj 95 per cent Nj The Warburg 
flasks contained 0 2 cc of 05 M NaHCOj, adenosine, and 0 16 mg of enzyme 
(in the side arm), the total volume after mixing was 3 5 cc The pH a as 7 62 
Adenosine, Mg , Curve A, 1 39, Curve B, 0 93 


5 60 6 00 6 40 6 SO 7 20 7 60 S 00 6 40 

p H 

Fig 2 Deaminase activity in relation to pH The experiments were performed 
at 37° with 5 0 mg of adenosine and with 0 16 mg of enzyme (in the side arm) , the 
total volume was 3 5 cc NaHCOj and C0 2 were varied to give the pH values indi 
cated, the points below pH 7 20 were obtained with an atmosphere of 100 per cent 
COj, those above were obtained with 5 per cent COj 95 per cent Nj 

500 
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The Warburg equipment was used for the manometnc procedure The 
absorption of COj with excess substrate (5 0 mg of adenosine per 3 5 cc ) 
was proportional to the amount of enzyme used (0 04 to 0 16 mg ) The 
deaminase is active with small amounts of substrate and so it can be used 
in quantitative experiments with adenosine Experiments of this type 
are illustrated in Fig 1 In this experiment 79 and 76 per cent, respec- 
tively, of the adenosine w as accounted for by the c mm of gas absorbed 



Fic 3 Effect of silver on deaminase In these experiments the enzyme (0 16 mg ) 
and the silver were in the bottom of the flask and the adenosine (5 0 mg ) was in the 
side arm A stock solution of 0 002 m silver nitrate was diluted 1 500 or 1 1000 just 
before use and amounts added to give the indicated moles per liter The total volume 
in the flask was 3 5 cc 

At pH 7 62, 2 per cent of NH 4 OH exists as NHj (pK = 9 26) which would 
not absorb CO 2 A correction must be made also for the acidic hydroxyl 
group resulting from the deamination (pK of mosine = 8 75 (4)), at pH 
7 62, 0 07 equivalent of CO 2 would be liberated by this group for each 
equivalent of adenosme deaminated These corrections would increase 
the above figures to 88 and 85 per cent, values which are m fair agreement 
with the data obtained by direct measurement of the NH 3 formed 
Ophrnum pH of Deaminase — The optimum pH for the activity of the 
deaminase was determined as described under Fig 2 There is a broad 
optimum at pH 7 0 
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Effect of Silver on Deaminase — The effect of silver on the deaminase was 
deterhnned as descnbed under Fig 3, where the results are shown 

DISCUSSION 

The deaminase is rather striking in its resistance to proteolytic enzymes 
and its stabihty when precipitated and dried with acetone Schmidt 
(5) had observed that treatment with proteolytic enzymes 1 2 was useful in 
isolating adenosine deaminase from muscle and had noted that Cy alumina 
would not absorb the deaminase The enzyme descnbed by Brady (3) 
from calf intestinal mucosa deaminated both adenosine and desoxynbo 
adenosine, the essential steps in its punfication were the extraction of 
acetone-dried mucosa with water, precipitation of inactive proteins with 
salicylic acid, and precipitation and drying with acetone 1 gm of this 
matenal hberated 180 mg of NHj-N per minute at 18°, or, with a factor 
of 2 for each 10° nse in temperature, 684 mg per minute at 37° The 
preparation used in the present studies caused the absorption of 61,200 
c mm of C0 2 per minute per gm , equivalent to 37 8 mg of NH3-N per 
minute Further punfication was attempted with the use of salicylic 
acid 3 * * without success The use of acid does not seem to be a promising 
punfication procedure, since Brady (3) has found that exposure of the 
enzyme to pH 3 0 for 30 minutes will completely inactivate it 

The pH optimum of 7 0 obtained with the present preparation by the 
manometnc method at 37° is somewhat higher than 6 2 for the enzyme 
from rabjut hver (6) and 6 5 for the enzyme in laked rabbit blood (7) 
The effect of silver on the deaminase is of interest because of the small 
amount required and it is useful because by the addition of silver the 
deaminase can be inhibited when it is desired to use the phosphoesternses 
in these preparations for prepan ng adenosine from nucleic acid (8, 9) 
The deaminase in its sensitivity to silver is comparable to urease Sumner 
and Myrback (10) found that crystalhne urease (2 5 mg per liter) w'as 50 
per cent inhibited by less than 0 3 X 10 -7 moles of silver per hter The 
deaminase (45 mg per hter) was 50 per cent inhibited by 4 0 X 10" 7 moles 
of silver per liter In companng the results it should be kept in mind 
that the deaminase is far from pure 
Adenosine can readily be determined manometncally with the deaminase 

1 Schmidt (5) chose to use preparations of papain rather than trypsin for this 

treatment because the latter contained adenosine deaminase Manometnc assays 
of Difco trypsin, 1 250 (1 0 mg portions), which W'as used principally for preparing 
the enzyme used in the present studies, were negative for the deaminase 

3 The precipitate with this reagent is not obtained m consequence of its properties 

as a protein precipitant but because it gives the required pH for precipitation 

Adjustment to the same pH with HC1 will give a precipitate also 
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The results obtained w ith a commercial sample of adenosine are somewhat 
low but this may be due to the presence of N-contaming compounds other 
than adenosine m the sample An experiment performed at pH 7 62, as 
was the experiment for Fig 1, would also measure adenyhc acid quantita- 
tively Adenosine triphosphate would be expected to be measured also 
(11) Adenosine can be estimated separately by performing the reaction 
at pH 5 9 at which the deaminase is still quite active but the 
phosphoesterase is inactive The amount of enzyme used above completely 
deammated 1 0 mg of adenosine m 25 minutes at pH 5 9, but adenyhc 
acid was not touched 


SUMMARY 

An enzyme preparation from calf intestinal mucosa is descnbed which 
deaminates adenosine and desoxynboadenosine The activity of the 
deaminase is convemently measured manometrically , the use of the enzyme 
for estimating adenosine is suggested The enzyme preparation contains 
phosphoesterases but these were inactive at pH 5 9, whereas the deaminase 
has considerable activity The activity of the deaminase with adenosine 
as the substrate has a broad pH optimum at 7 0, the deaminase is very 
sensitive to silver, 4 0 X 10~ 7 moles per liter causing 50 per cent inhibition 
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Thudichum (1) has already reported that sphingomyelin is much more 
resistant towards alkali than are the monophosphatides Similar observa- 
tions were made in this laboratory during a study involving the isolation of 
pure sphingomyelin from various organs The difference between sphin- 
gomyelin and the monophosphatides in regard to their behavior towards 
alkali was found to be so striking that we were encouraged to search for 
conditions permitting the application of this difference as a basis for the 
quantitative partition of phosphohpide mixtures It was found that 
lecithin and cepbalin are quantitatively transformed into acid-soluble P 
compounds by n potassium hydroxide at 37° within 24 hours Under the 
same conditions sphingomyelin forms no acid-soluble P compounds 

In this paper we will describe a micromethod for the quantitative parti- 
tion of phosphohpide mixtures into monophosphatides and sphingomyelin, 
the underlying principle of this method is the selective saponification of the 
monophosphatides 

It appears that this method has considerable advantages m comparison 
with the current procedures based on the difference between the solubilities 
of the individual phosphohpides (2) or their reineckates (3, 4) It is known 
that the solubilities of the phosphohpides are very much influenced by 
the composition of the hpide mixture and by the presence of other sub- 
stances such as electrolytes (5) These factors do not interfere with the 
saponification t>f the phosphohpides Another advantage of the “saponifi- 
cation method” is the possibility of detectmg small amounts of mono- 
phosphatides m sphingomyelin samples This is not possible with any of 
the current procedures, owing to the fact that the monophosphatides ad- 
hering to the sphingomyelin fractions are saturated lecithins which differ 
from unsaturated lecit hins by the close resemblance of their solubility prop- 
erties to those of sphingomyelin Whereas it was formerly beheved that 
hydrolecithins are not constituents of natural phosphohpide mixtures 

* This study was aided by grants from the Rockefeller Foundation, the Godfrey H 
Hyama Trust Fund, the Bingham Associates Fund, and the Charlton Fund 
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recent observations have established their ubiquitous occurrence m animal 
tissues Lesuk and Anderson (6) isolated dipalmitolecithin from the lipides 
of the larvae of Cysticercus fasctolans Thannhauser, Benotti, and 
Boncoddo 1 succeeded in isolating pure hydrolecithin from lung and spleen 
The presence of hydrolecithm m bram has been made probable by observa- 
tions of Merz (7) and of Thannhauser and his coworkers 1 

Procedure 

0 5 to 3 gm of the finely ground tissue are extracted with 20 volumes of a 
boiling mixture of 3 parts of alcohol and 1 part of ether and then refluxed 
for 30 minutes with a mixture of equal volumes of chloroform and methanol 
The extracts are pooled and evaporated to dryness under reduced pressure 1 
The residue is extracted with 5 cc of the boiling chloroform-methanol mix- 
ture and brought to a volume of 10 cc with the solvent An aliquot of 1 
or 2 cc is set aside for the determination of the total phosphorus Another 
suitable aliquot (1 or 2 cc ) is evaporated to dryness in a wide test-tube on 
the water bath after the addition of a few pieces of capillaries to prevent 
bumping The residue is dissolved m 0 2 cc of boiling alcohol and emulsi- 
fied m 5 cc of N potassium hydroxide by blowing the alkali from a pipette 
vigorously into the alcoholic lipide solution The emulsion is shaken at 37° 
for 24 hours It is then precipitated by adding 1 cc of 5 n hydrochloric 
acid and 5 cc of 10 per cent trichloroacetic acid After standing for 2 
hours (m order to hydrolyze the plasmalogens (8)) at room temperature the 
emulsion is centrifuged and filtered without suction A water-clear filtrate 
is usually obtained If, m rare instances, the filtrates remam opalescent, 
the saponification is repeated with a new aliquot Before the acidification, 
1 cc of a 1 per cent solution of egg alb umin is added to the emulsion The 
procedure is then contmued m the usual manner 

Determinations of the total phosphorus are earned out in an ahquotof 
the ongmal hpide extract set aside for this purpose and m an aliquot (8 cc ) 
of the acid filtrate obtained after saponification The amount of the total 
P in the ongmal hpide extract conesponds to the total phosphohpide P, the 
difference between this value and that of the saponifiable P (determined as 

1 Thannhauser, S J , Benotti, J , and Boncoddo, N F , unpublished experiments 

5 The evaporation of the alcohol ether extract to dryness gives very satisfactory 

results with all fresh tissues For hpide determinations in autolyzed organs (espe 
cially pancreas and small intestines) it is advisable to concentrate the alcohol ether 
extract to a volume of 15 to 20 cc At this stage the protein breakdown products, 
carbohydrates and other contaminating non lipides, are precipitated by adding an 
excess of petroleum ether The filtrate is then evaporated to dryness After re 
extraction with chloroform-methanol the procedure is continued as described abovo 
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total P in the trichloroacetic acid filtrate after saponification with n KOH) 
to the amount of the sphingomyelin P 

EXPERIMENTAL 

Preparation of Phospholiptdes — Lecithin was prepared according to 
Levene and Rolf (9) from eggs or brain, the samples of cephahn used were 
obtained according to the directions of Folch (10) for the preparation of 
mixtures of phosphatidyl ethanolamine, serrne cephahn, and inositol 
phosphatide 3 Pure sphingomyelin was isolated from lung according to a 
new procedure developed by Thannhauser, Benotti, and Boncoddo 1 * We 
wish to emphasize that in this procedure any treatment with alkah is 
avoided The sphingomyelin was identified by its physical properties 
and by its mtrogen and phosphorus content The absence of monophos- 
phatides was ascertained by microdeterminations of glycerol according to 
Blix (11), the absence of cerebrosides by the negative result of theMohsch 
te3t 

Behavior of Individual Phospholiptdes and Phosphohpide Mixtures of 
Known Composition Against N Potassium Hydroxide under Mild Conditions — 
Suitable aliquots of solutions of the phosphatides were pipetted into wide 
Pyrex test-tubes and brought to dryness on a water bath Each sample 
was emulsified with 5 cc of n potassium hydroxide and slowly shaken at 
37° for 24 hours The emulsion was precipitated by the addition of 1 cc 
of 5 n hydrochloric acid and 5 cc of 10 per cent trichloroacetic acid After 
standing 1 hour at room temperature 4 the samples were spun in an angle 
centrifuge and filtered The amounts of total phosphorus of the orig- 
inal phosphohpide solutions and those of the clear trichloroacetic acid 
filtrates were determined according to the method of Fiske and Subbarow 
(12) The results of a typical experiment are recorded on Table I 

The conclusions drawn from the preceding experiments, namely the ab- 
sence in the Bapomfiable P fraction of P compounds originating from 
sphingomyelin, could be substantiated in experiments m which an entirely 
different method of analysis was employed In these experiments use was 
made of the fact that the treatment of the monophosphatides with alkah 
results not only in the hydrolysis of the fatty acid groups, but also in the 

1 The cephahn was reprecipitated twice with hot alcohol from its concentrated 
ethereal solution in order to remove sphingomyelin Crude cephahn is always con- 

taminated with sphingomyelin which ib insoluble in cold alcohol but easily soluble 

in hot alcohol 

4 The standing of the acidified mixture has the purpose of destroying any plaama- 
logen which might be present Plasmalogen is very resistant against alkali, but it is 
quickly hydrolyzed by acids at room temperature (8) 
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almost complete hydrolysis of the ester linkages between the phosphorus 
and mtrogen groups Thus the acid-soluble P fraction obtained after the 
alkaline saponification of monophosphatides consists of monoesters of 
phosphoric acids which contain only negligible amounts of mtrogen We 
were able to demonstrate that the acid-soluble P fraction obtained after 
the saponification of mixtures of monophosphatides and sphingomyelin 
such as the ether-insoluble hpides of bram (protagon of the older hterature 
(13)) contained only very small amounts of mtrogen (The equivalent 
ratio of N P was 1 14 5 6 ) Since any organic P compound originating from 
the hydrolysis of sphingomyelin has anN P ratio of 1 1 or 2 1, this finding 
excludes the presence of more than negligible quantities of sphingomyelin 

Table I 


Effect of Mild Treatment with Alkali on Phoaphatides and Phosphatide Mixtures 


Phosphatide 

Total P 

Acid soluble P after 
alkali treatment 


mg 


Lecithin 

0 273 

■H 

Cephahn 

0 318 

BUI 

Sphingomyelin 

0 339 


Mixture of lecithin 

0 500 


+ cephahn 

0 316 (0 816)* 

0 801 

Mixture of lecithin 

0 273 


+ cephahn 

0 500 (0 773)* 

0 773 

+ sphingomyelin 

0 339 



* Sum of lecithin and cephahn 


P m the saponifiable phosphorus fraction obtained from bram protagon 
(The protagon used m these experiments contamed sphingomyelin and 
monophosphatides m approximately equal amounts ) 

5 The experiments were earned out on batches of approximately 30 gm of pro 
tagon The acid soluble P fraction was quantitatively isolated as a mixture of 
barium salts by alcohol precipitation No inorgamc P was formed during the snporu 
fication The small amount of mtrogen which was found m the acid soluble P frac 
tion obtained after saponification of the phospholipides is most likely due to the 
presence of colamine phosphoric acid diesters which are more resistant to alkali than 
the corresponding choline phosphoric acid diesters This assumption is supported by 
the observation that 85 per cent of the total mtrogen of the saponifiable P fraction 
was amino mtrogen Furthermore, after the refluxing of the barium salts with 
saturated aqueous barium hydroxide, the mtrogen was quantitatively found in tho 
supernatant This finding renders it very unlikely that the mtrogen originated 

from sphingosine, which is insoluble in water Even under the most unfavorable 
assumption that the mtrogen of the saponifiable P fraction would be entirely present 
in the form of sphingosine, it would account for only 7 per cent of the sphingomyelin 
of the lipide mixture used in the experiment 









SCHMIDT, BENOTTI, HERSHMAN, AND THANNHAUSER 


509 


Table II 


Amounts of Monophosphahdes and Sphingomyelin in Various Tissues 


Animal 

(0 

Tissue 

(D 

P per 100 gm I 

fresh tissue j 

Sphingomyelin P X 100 

Total Iipide P 

Mono- 
pbos 
pha tides 
(3) 

Sphin 

gomyelm 

(*> 

Computed 
from (3) 
and (4} 

Williams 
clal (14) 

Artom 

(15) 

Thann 
hauser 
clal (3) 




mg 





Rat 

Brain 


13 

5 8 







7 

3 5 






250 

12 

4 6 






191 

12 

5 9 

15 7 



(( 

Sciatic nerve 

256 

74 

22 5 






276 

50 

15 3 






| 168 

80 

32 2 






284 

76 

21 2 







65 

17 1 




Cat 

Brain 


55 

24 4 




M 

Sciatic nerve 


146 

50 0 







153 

44 5 






! 184 

148 

44 5 




Beef 

Brain gray matter 

158 

12 

7 6 




it 

“ white " 

295 

93 

31 2 




Rat 

Liver 

112 

3 

2 6 






165 

4 

2 5 






138 5 

0 

0 






153 

3 

2 0 






147 

0 

0 






157 

0 

0 

2 5 



it 

Kidney 

123 

20 

14 0 






118 

22 

15 7 

I 





117 

18 

13 3 

12 1 



it 

Lung 

75 3 

11 9 

13 6 






77 7 

12 6 

14 0 

18 8 



it 

Spleen 

81 2 

13 3 

14 1 






72 3 

9 7 

11 0 







19 0 

17 5 

10 3 



it 

Heart 

84 5 

4 3 

49 







5 0 

5 4 






91 5 

5 2 

5 4 

3 1 



Beef 

Pancreas 

116 

6 0 

4 9 






98 

2 0 

2 0 






93 5 

4 5 

4 6 




Human 

Plasma 

8 6 

1 8 

17 5 






8 S 

1 1 

11 0 


12 

10 2 


Amounts of Monophosphatides and Sphingomyelin m Some Tissues — 
Table II shows representative figures of the content of monophosphatides 
and sphingomyelin in some animal organs Table II also contains average 
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figures obtained for sphingomyelin by Williams and his associates (14), 
by Artom (15), and by Thannhauser and his coworkers (3) In these in- 
vestigations the reineckate method developed by Thannhauser, Benotti, 
and Reinstein (3) or modifications of this method were used 

DISCUSSION 

Since the amounts of monophosphatides are always larger than those of 
sphingomyelin, the method permits the accurate determination of this 
fraction m all tissues On the other hand, the sphingomyelin content of 
some tissues (hver /.heart) is so small that the figures of sphingomyelin can 
only be considered as approximate values m these cases, since the amounts 
of sphingomyelin are obtamed by difference 
The errors caused by the possible presence of non-hpide P compounds 
in the final hpide extracts are comparatively small according to a recent 
investigation by Gortner (16) Smce all contaminating non-hpide P 
compounds are acid-soluble, these errors would affect only the values of 
the monophosphatides but not those of sphingomyelin 

Apart from its application to tissue analysis, the procedure represents a 
sensitive test for the presence of monoammophosphatides in samples of 
sphingomyelin 


SUMMARY 

1 A method for the quantitative microdetermination of sphingomyelin 
in hpide mixtures based on the selective saponification of the monophos 
phatides has been described 

2 It was found that the hpides of the sciatic nerve of the cat and the rat 
contain a much higher percentage of sphingomyelin than those of the 
bram The hpide fraction of the white matter of beef brain contains a 
much higher percentage of sphingomyelin than that of the cortex 
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THE UTILIZATION OF d-AMINO ACIDS BY MAN* 
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(Received lor publication, July 31, 1946) 

The growth experiments of Womack and Rose (1) and the studies of Moss 
and Schoenheimer (2) have established the conversion of phenlyalanme to 
tyrosine m the rat Recent studies of Rose and associates (3) indicate that 
this biochemical reaction also occurs in man The reverse reaction, the 
conversion of tyrosine into phenylalanine, has been found not to proceed 
at a rate commensurate with the growth needs of the rat (1) and remains to 
be tested in man Despite the apparent dietary dispensability and ready 
commercial availability of Z-tyrosme, we felt that information concerning 
the metabolism of the unnatural variety would be of interest in view of the 
physiological indispensabihty of the Z isomer and known pharmacodynamic 
differences of the optical isomers of its biochemically related substances, 
e g thyroxine and epinephrine 

The determination of the degree of utilization of the unnatural amino 
acids in man by the excretion procedure which we have previously described 
(4) seemed uniquely suited in this instance in which growth (1) and nitrogen 
equilibrium (3) measurements would not be effective because of the dietary 
dispensability of tyrosine for these body functions (1, 3) The data of 
four experiments disclosed that within the 7 hour period succeeding oral 
administration of 0 01 mole (1 82 gm ) of dZ-tyrosme 134 ± 19 mg more 
tyrosine was excreted in the urine than after the feeding of 0 01 mole of 
Z-tyrosme This increase m tyrosine which is equivalent to 14 5 =fc 2 5 
per cent of the d form fed and the increase in total organic acid output 
which appears to arise from a metabolic degradation of the unexcreted 
d- tyrosine fraction of the racemate fed suggest that this tyrosine isomer is 
not available to the human for normal physiological purposes 

EXPERIMENTAL 

Preparation of dl-Tyrostne — Racemic tyrosine was prepared by acid 
hydrolysis of diacetyl-dZ-tyrosme synthesized according to the method of 
du Vigneaud and Meyer (5) from Z(— )-tyrosme (Merck), containing 

* The work described in this report was supported by grants from the Rockefeller 
Foundation, the National Live Stock and Meat Board, and the Nutrition Foundation, 
Ino 
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7 60 per cent N by micro-Kjeldahl analysis and having a specific rotation of 
[«]“ (4 04 gm per 100 cc of 1 n HC1) = —9 82° After two recrystalhza- 
tions, 45 gm of Z-tyrosine yielded 20 gm of a product of zero optical rotation 
in 1 n HC1, which contained 7 40 per cent N 

Colonmetnc Estimation of Tyrosine m Human Urine — Attempts to adapt 
available methods for the estimation of tyrosine in protein digests to the 
determination of urinary tyrosine indicated the procedure of Lugg (6) to be 
best suited to this purpose Recovery tests with urine specimens submitted 
to continuous ether extraction for 24 hours in a small all-glass modified 
Schacherl extraction apparatus 1 and protein hydrolysates demonstrated 
that the technique is adequate for analytical work 
Reagents — 

Precipitation reagent 75 gm of HgSCh, 55 gm of HgCl 2 , and 70 gm of 
Na^SCh were dissolved m a mixture of 850 cc of water and 68 cc of con- 
centrated H2SO4, the solution was then made to 1 liter 

Washing reagent 500 cc of precipitation reagent were diluted to 1 
liter with 1 N H 2 SO 4 
Sulfuric acid, 7 n solution 

Sodium nitrite , 0 8 per cent solution This should be stored in the re- 
frigerator and a fresh solution, should be prepared every 2 weeks 
Ether Commercially available reagent grades are satisfactory 
Tyrosine standard 40 mg of Z-tyrosine (Merck) were dissolved in 100 
cc of 1 n HiSCh 

Procedure — Aliquots of protein hydrolysates or urine (5 to 10 cc ) con- 
taining 0 2 to 10 mg of tyrosine were transferred by pipette to 40 cc 
graduated comcal bottom centrifuge tubes and diluted to 20 cc volume 
After the addition of 5 cc of precipitation reagent, the tubes were immersed 
in a boiling water bath for 10 minutes and 4 cc of 7 N sulfuric acid added 
subsequent to cooling the reaction mixtures in an ice bath The volume of 
the cooled samples was adjusted to 30 cc with water and 20 to 30 mg of 
Cehte (Johns-Manville) were added with vigorous stirring The precipi- 
tates were collected by centrifugation and decantation of the supernatant 
liquid and were then washed by a repetition of this procedure after resuspen- 
sion of the precipitate m 10 cc of the washing reagent Both the original 
and washing supernatant fluids were collected m 50 cc volumetric flasks 
and made to volume subsequent to the addition of 1 cc of sodium nitrite 
solution We have found it unnecessary to heat the samples at this point 
as recommended by Lugg After standing for 5 minutes, the resulting 
color was read in the Klett-Summerson photoelectric colorimeter with 
Filter S-52 and compared with that of a similarly treated tyrosine standard 

1 This apparatus, catalogue No 1500, was obtained from Eck and Krebs, 131 West 
24th Street, New York 
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(1 cc ) The color persists for about 45 nunutes and the reagent blank 
should give a zero reading at all times 
Results — The data obtained by submitting varying amounts of the tyro- 
sine standard to the color reaction give evidence that the reaction conforms 
to Beer’s law (Table I) Application of the procedure to acid and enzy- 
matic digests of various proteins yielded tyrosine values which, except for 
gelatm, are in fair agreement with those recorded m the literature (7) 


Table I 

Relation of Color Intensity to Amount of Tyrosine 


/(— ) Tyrosine 

Klett readings* 

mg 


0 2 

60 

0 4 

98 

0 8 

199 

1 0 

248 

1 4 

350 

1 6 

400 

1 8 

460 


* Readings were made in a Klett-Summerson photoelectric colorimeter with 
Filter S-S2 and each value represents the average of five duplicate determinations 


Table II 

Recovery of Added Tyrosine from Mixtures 


Sample 

Tyrosine 

added 

Tyrosine 

found 

Recovery of 
aided tyrosine 


mg 

WBM 

per cent 

Unne, 1 cc 




it j a 

0 772 

■m 

99 1 

Z-Tryptophane, 2 mg 

0 772 

0 770 

99 7 

Urea, 10 mg 

0 386 

0 389 

100 3 

Sodium chlonde 10 mg 

0 386 

0 385 

99 9 

Ammonium sulfate, 10 mg 

0 386 

0 383 

99 6 

Casein hydrolysate 




1 mg total N 


0 408 


1 “ “ 

0 386 

0 794 

100 0 


The tyrosine figure for gelatm, 0 32 per cent tyrosine nitrogen of total N, 
is reported here merely to indicate the quantitative variability which may 
exist in this product The favorable results obtained with recovery tests 
on 24 hour ether-extracted unne specimens and experiments on the addi- 
tion of unnary metabolites to 1 cc aliquots of the standard which might 
interfere with the modified Millon’s reaction pomt to the suitability of the 
procedure for the estimation of unnary tyrosine (Table II) Analyses of 
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ether-extracted 24 hour urine specimens from twelve adult males (50 to 110 
kilos) on normal diets and from six normal infants (10 to 12 kilos) on diluted 
cow’s milk formulae showed the daily tyrosine output to be 213 ± 19 9 mg 
and 28 7 ± 6 5 mg respectively This represents an excretion of about 
3 0 mg of tyrosine per kilo of body weight irrespective of the individual 
ages 


Human Experiment 

Subsequent to the elimination of the control urrne specimen which was 
collected 2 hours after a light breakfast, the subjects were given by mouth 



Fig 1 Urinary output of subject I, following ingestion of 0 01 mole (1 82 gm ) of 
Z(— )- and df-tyrosine The solid line represents excretion after administration of the 
racemate, the broken line after feeding the l isomer, and the dotted line normal 
output 

0 01 mole (1 82 gm ) of Z(— )- or dZ- tyrosine suspended in 240 cc of water, 
and an additional 120 cc of water were also given at the end of each of the 
succeeding 6 hours The urines were collected hourly and analyzed im- 
mediately for total organic acids (8), ether-soluble free phenols (9), and 
tyrosine as described below Smce the ingestion of food did not seem to 
influence the output of these metabolites, the fast was maintained only 
for the first 3 or 4 hours of these experiments Control experiments, m 
which no tyrosine was fed, were similarly performed 
Tyrosine excretion curves of one of the experiments are shown m Fig 1 
and indicate that, whereas the administration of Z-tyrosine causes only a 
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slightly increased output of tyrosine above the normal, the ingestion of the 
racemate results m a transient but marked elevation of urinary tyrosine 
It is to be noted that the tyrosine levels of the urine returned to the normal 
in all experiments within 5 to 6 hours after dl-tyrosme was given 


Table III 

Total Urinary Tyrosine for 7 Hour Period Following Administration of 0 01 Mole of 

l- or dl-Tyrosine 

1.82 gm of di-tyrosine = 0 91 gm of d(+) tyrosine 


Subject 

Normal 

tyrosine 

output 

Tyrosine o 
admJmst 
ison 

l 

(a) 

utput alter 
ration of 
sera 

dl 

« 

(A) - Co) 

Recovery 
in urine 
of d form 
fed 


me 

mt 

mt 

mt 

per cent 

A, o’, 70 kilos 

27 

39 

180 

141 

15 7 

“ (S', 70 “ 

33 

46 

210 

164 


L, 9,60 “ 

30 

61 

169 

108 


I, 9,65 “ 

30 

69 

190 

121 

12 6 


Table IV 

Organic Acid and Free Phenol Output for 7 Hour Period Following Administration of 
0 01 Mole of l- or dl Tyrosine * 


Subject 

Normal 

output 

Output after administration 
of tyrosine isomers 

(S) - 

(<■) 

d-Tyro- 
sinc not 
excreted 
in urine 

Molar 
ratio, 
organic 
aads to 
unci 
ere ted 
d- tyro- 
sine 

l 

(<*) 

dl 

(b) 

Or- 

ganic 

acids 

Free 

pbe 

noli 

Or 

game 

acids 

Free 

phe 

nob 

Or 

game 

acids 

Free 

pbe 

nols 

Or 

ganic 

adds 

Free 

pbe 

nols 


m eq 
SCI 

mt 

m eq 
SCI 

m( 

m eq 
SCI 

mt 

m eq 
SCI 

mt 

mxq 


I, 9 , 65 kilos 

29 2 

205 

29 7 

264 

48 0 

262 

+18 3 

-2 

4 42 

4 14 

L, 9 , 60 “ 

18 8 

205 

18 2 

Iwl 

34 5 


+16 3 

+35 

4 35 

3 75 

A, d\ 70 “ 

19 8 

153 

20 4 

158 

36 8 

168 

+16 4 



4 00 


* All organic acid values corrected for tyroBine content of the urine, 1 milliequiva- 
lent of tyrosine was found by titrations to be equivalent to 1 milliequivalent of 
organic acid 


The amount of urinary tyrosine arising from the ingestion of the d 
variety can be ascertained from the difference in tyrosine output for the 
7 hour period following administration of racemic and naturally occurring 
tyrosine These calculated values are listed under the heading “(6) — 
(a)” in Table III and disclose that the feeding of 0 01 mole of dZ-tyrosine 
produced an increment m tyrosine output equivalent to 12 0 to 18 0 per cent 
of the d component 
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Since, according to either the Dakin concept (10) or the Neubauer theory 
(11), the intermediary metabolism of tyrosine involves a fission of the ben- 
zene ring and subsequent formation of ketomc fatty acids, it was felt that 
measurement of the total organic acids in our experiments might give 
additional information on the metabohc fate of d(+)-tyrosme These 
determinations were done and disclosed that the ingestion of dZ-tyrosme, 
unlike Z( — )-tyrosine, causes an elevation in organic acid output above nor- 
mal levels Presuming that this organic acid excess arises from the unex- 
creted fraction of d(+)-tyrosme fed in the racemate, we have calculated 
the molar ratios of organic acids to the moiety of ingested d(+)-tyrosme 
not accounted for as tyrosine m the urine and found these to approximate 
the whole number 4 0 The acid equivalence of this tyrosine fraction and 
similarity in output of ether-extractable free phenols (Table TV) subsequent to 
administration of Z( — )- and df- tyrosine would seem to preclude the aromatic 
nature of the excreted organic acids and point to the metabohc degradation 
of d-tyrosine to the aliphatic acid stage Since this value also represents 
the maximum amount of acid which could be derived from tyrosme by the 
Dakin or Neubauer schemes, it seems reasonable to assume that, except for 
the portion excreted as tyrosme, nearly all of the orally administered d-tyro 
sine is degraded to organic acids and very httle if any becomes available to 
the body for normal physiological functions 

Comments 

The ability of the rat to grow and of man to continue in N balance m the 
absence of dietary tyrosme does not permit measurements of the avail- 
ability of d(+)-tyrosme by these criteria In vitro studies, however, have 
indicated that both optical isomers of tyrosme are degraded to the same 
extent and manner by various animal tissues (12) Our findings, the in- 
creased output of tyrosme and aliphatic organic acids which together would 
seem to account for nearly all of the d(+)-tyiosme fed in the racemate, 
suggest that unnatural tyrosme is so metabolized by man as not to be avail- 
able for normal biochemical functions The non-aromatic nature of the 
oiganic acids excreted as a result of the ingestion of d(-f )-tyrosine pre- 
cludes their identity with homogentisic acid or p-hydroxyphenylpyruvic 
acid and pomts to the difference of this metabolic failure of d(+)- tyrosme 
from that of Z(— )-tyrosme in human vitamin C deficiency (13) 

The observation of Cushny (14) that natural Z-epinephnne is nearly 
twice as strong a vasoconstrictor as the racemate led him to conclude that 
the dextrorotatory base was nearly devoid of action on the sympathetic 
terminations m the arterioles Foster, Palmer, and Leland (15) observed 
that Z-thyroxme has a calongenic effect on normal guinea pigs approxi- 
mately twice as great as that of lacemic thyroxine These previous 
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investigations and our present report suggest that ma mm alian organisms 
are not able to metabolize d-hydroxyphenolie substances m the same man 
ner as the l variety 


SUMMARY 

It has been found that within 7 hours after the oral administration of 
df-tyrosine to adult humans an excess of urinary tyrosine and aliphatic 
organic acids is excreted which would seem to account for nearly all of the 
d component fed These findings are interpreted to indicate that d(+)- 
tyrosine unlike J(— )-tyrosme is metabolized in man in such a manner as 
to render it unavailable for normal physiological functions 

We wish to thank Miss Jane E Frankston and Mrs Barbara Saur for 
their assistance in this investigation 
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CYSTEINE LOSSES RESULTING FROM ACID 
HYDROLYSIS OF PROTEINS 

Br MURRAY HALWER jl\d GEORGE C NUTTING 
( From the Eastern Regional Research Laboratory ,* Philadelphia ) 

(Received for publication, August 7, 1916) 

In the course of a study of the relation between molecular cross-bonding 
and the dimens’onal stability of fibrous proteins, particularly the keratins, 
it was necessary to determine small amounts of cysteine, about 1 per cent 
of the sample For this purpose, a method used by a number of workers 
was adopted This method consisted m hydrolysis of the protein by re- 
fluxing it with acid, after which the cysteine m the hydrolysate was deter- 
mined by oxidation with a selective oxidizing agent, phosphotungstic acid 
being used in our experiments Control experiments showed, however, 
that when small amounts of cysteine, comparable to the amounts which the 
proteins were thought to contain, were added to the intact samples and the 
mixtures were subjected to digestion with the acid the added cysteme was 
only incompletely recovered In one experiment m which the digestion 
was earned out in the presence of air, as some workers have done, the added 
cysteme vanished entirely 

The object of this paper is to demonstrate the inadequacy of the acid 
hydrolysis method for the determination of cysteme, and to report on 
studies of some of the factors responsible for the incomplete recovery 

EXP ERHIENTAI. 

Except where otherwise noted, 100 mg of protein (±10 per cent) were 
weighed out for the digestion To this were added either 1, 2 5, or 5 mg 
of cysteme (all ±10 per cent) as the hydrochlonde Two methods of 
hydrolysis were used (1) The mixture of protein and added cysteme, 
contained in 2 ml of 6 n HC1, was placed in a test-tube To remove air, 
the tube was evacuated, then flushed with carbon dioxide which had been 
freed of oxygen by p assin g it over heated copper This procedure was re- 
peated several times Finally, the tube was sealed off while evacuated and 
heated for 16 to 20 hours at 115° (2) To the mixture of protein and added 

cysteme, contained in a 100 ml acetylation flask, were added enough water 
to make the total amount of water 5 ml , 11 ml of concentrated HC1, and 
2gm of urea The flask was attached to a reflux condenser and the system 
evacuated Oxygen-free carbon dioxide was now admitted, and the pro- 

* One of the Laboratories of the Bureau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, United States Department of Agriculture 
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cedure repeated several times A slow stream of carbon dioxide was al 
low ed to pass through the system w hile the flask was heated in an oil bath 
to the point of gentle refluxing The heating w as continued for 6 hours 

Tins second piocedure is essentially that of Brand and Kassell (1) Its 
purpose is to minimize formation of humin, an objective w'hich they con 
sideied desuable in view of Lugg’s (2) observation that cysteine reacts with 
humin We have found it to be highly effective in preventing formation of 
insoluble matter It gives perfectly clear and nearly colorless hydrolysates 
with horse serum albumin, ovalbumin, and lactoglobuhn, the hydrolysate 
given by wool is famtly cloudy 

The acid w r as removed by vacuum distillation in a carbon dioxide 
atmosphere, and the residues w’ere taken up in water and diluted to volume 
The hydrolysates obtained by the sealed tube method were diluted to 
volume directly 

Cysteine w as determined by the modified phosphotungstic acid method 
of Kassell and Brand (3) 


Materials 

Horse serum albumin 1 w as prepaied from lyophilized horse serum by the 
method of Adair and Robinson (4) It w as recrystalhzed three tunes 
Ovalbumin w r as piepared from the w hites of fresh eggs by the method of 
Sprensen and Hpyrup (5) It w as not recrystalhzed 

Lactoglobuhn 1 w as prepared from fresh milk by the method of Sorensen 
and Sprensen (6) It w as recrystalhzed once 

The xvool sample 1 had been scoured by the manufacturer in hot soap 
solution It was further punfied by extracting it successively with alcohol, 
ether, and w atei at room temperature 
Black human hair was purified by successive extraction xvith alcohol, 
ether, and w ater at room temperature 

Cysteine hydrochlonde was obtained from the Eastman Kodak Com 
pany Recrystalhzation chd not affect its reducing power toward phos 
photungstic acid 


Results 

Table I shows the recoveries observed xvhen cysteine was added to the 
proteins named above and the mixtures x\ ere submitted to the hydrolysis 
procedures outhned It should be noted that these are “uncorrected 
recoveries They xi ere calculated by subtracting, from the total amount of 
cysteine found, the amount contributed by the protein itself, as determined 

1 We should like to thank Sharp and Dohme, Inc , for supplying the lyophilized 
horse serum, Dr W G Gordon of this Laboratory for lactoglobuhn, Dr Werner 
von Bergen, Forstmann Woolen Company, for the wool 
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by a separate experiment in which no cysteine was added This procedure 
can give accurate results only if the fraction of the cysteine lost is 
independent of the amount of cysteine present Table I shows, however, 
that in all probability this is not the case, since the uncorrected recovery 
values show a strong dependence on the amount of cysteine, with 5 mg 
additions giving much higher recoveries than the 1 mg additions It is 

Table I 


Recovery of Cysteine in Acid Digestion of Mixture of Proteins and Added Cysteine* 


Experiment 

No 

Protein 

Cysteine added 

Hydrolysis method 

Per cent recovery 

of added cysteinef 

i 

Wool 

m t 

1 

Sealed tube 

42 2 

2 

l( 

2 5 

a n 

57 5 

3 

tt 

5 

n a 

62 0 

4 

tt 

1 

Urea 

51 2 

5 

(( 

5 

It 

72 0 

6 

Human hair 

1 

Sealed tube 

40 2 

7 

Ovalbumin 

1 

II II 

59 0 

8 

<« 

2 5 

H II 

79 2 

9 

tt 

5 

H It 

63 5 

10 

Horse serum albumin 

1 

II It 

31 9 

11 

H It II 

2 5 

It It 

55 5 

12 

It II It 

5 


70 0 

13 

It H II 

1 

Urea 

33 3 

14 

It II II 

5 

It 

73 5 

15 

Lactoglobulin 

5 

Sealed tube 

81 6 

16 

It 

5 

Urea 

79 2 

17 

None 

5 

Sealed tube 

99 3 

18 

it 

5 

Urea 

97 5 


* The protein sample was approximately 100 mg in each case The terms “sealed 
tube” and “urea” refer, respectively, to the first and second methods of hydrolysis 
discussed under the heading “Experimental ” The recovery value for the sealed 
tube control, Experiment 17, is the average of three, the individual values being 
99 0, 99 4, 99 4 per cent The recovery value for the urea control, Experiment 18, 
is the average of two, the individual values being 97 4 and 97 5 per cent 
t These are uncorrected recoveries, see the text 

therefore to be expected that the contribution of the protein itself w ill be 
larger in the recovery experiments than the values obtained in the absence 
of added cysteine The recovery figures given in T able I are therefore prob- 
ably too high 

The values found for the cysteine contents of these proteins, in the ab- 
sence of added cystane, are given in Table II These, too, are “un- 
corrected,” since it is not possible from the data at hand to say what is the 
proper correction factor to apply to them 
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Examination of Table I shows that m no case could the added cysteme 
be completely recovered The loss was particularly senous for the lower 
levels of added cysteme, although even at the 5 mg level the loss was 
marked Untreated proteins almost certainly contain much less than 5 
per cent cysteine Therefore, values obtained for these materials by acid 
hydrolysis methods may be appreciably low Although the urea method is 

successful m preventing the formation of insoluble humm, Table I (Expen- 
ments 10 and 13, 12 and 14, 15 and 16) shows that it fails in three out of five 
cases to bring about any distinct improvement in cysteme recovery, com 
pared with the sealed tube method Moreover, Table II show s that it does 
not give higher values for the original cysteine content 
Two hypotheses suggest themselves to account for the missing cysteme 
(1) It has reacted with residual oxygen, which has entered the system 
despite all precautions to exclude it , (2) it has reacted with some substance in 

Table II 


Cysteme Content of Proteins 


Protein 

Per cent cysteme’ 

Sealed tube method 

Urea method 

Wool 

0 68 

0 33 

Human hair 

0 42 


Ovalbumin 

0 71 


Horse serum albumin 

0 39 

0 32 

Lactoglobuhn 

1 01 

1 01 


* These values are on a moisture free basis They are uncorrected, see the text 


the protein sample, present either as an impurity or as part of the protein 
molecule 

The excellent recoveries of cysteine m the control experiments (Nos 17 
and 18, Table I) make the first hypothesis unlikely, since there ivas the same 
opportumty for oxygen to entei these systems as those containing protein 
As a further check, a recovery experiment v r as performed on wool, identical 
with Experiment 5 in Table I, except that the quantities of wool and added 
cysteine were 5 times greater If the loss of cysteine is due to reaction with 
a small amount of residual oxygen, then the fraction lost should be sharply 
decreased by increasing the amount of cysteine Only a minor improve- 
ment in the recovery was observed, how ever, the value being 76 5 per cent 
The good recovery in the control samples also disposes of the possibility 
that the cysteine is decomposed in some fashion under the hydrolysis con- 
ditions, whether protein is present or not 

Concerning the second hypothesis, it is well know r n that cysteine can 
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react with, reducing sugars and with aldehydes m general (see, for example, 
Schubert (7)) Many proteins contain firmly attached polysacchande 
residues which are capable of producing simple sugars on digestion with 
acid Many other protein preparations are hkely to contain carbohydrate 
as an impurity That glucose, at least, is capable of reacting with cysteine 
under the conditions ordinarily used for protem hydrolysis is proved by the 
data of Table III These data were obtained as previously described for the 
protein samples The results show that small amounts of glucose, such as 
might be produced by hydrolysis of the polysacchande m 100 mg of many 
protem samples, give rise to about the same cysteine losses as the protein 
samples in Table I 

Table III also shows that the urea modification of Brand and Kassell (1) 
matenally diminishes the amount of cysteine lost dunng acid digestion with 
glucose The digests yielded by the sealed tube method were strongly 


Table III 

Recovery of Cysteine Digested with Glucose m Acid Solution* 


Initial glucose 

Per cent recovery of cysteine 

Sealed tube method 

Urea method 

mr 



2 

78 3 

90 8 

6 

60 8 

84 4 

10 

41 5 

72 5 


* The initial amount of cysteine was 5 mg in each experiment 


colored and contained appreciable residues of insoluble humin The urea 
digests were much paler and were entirely free from sediment 

In view of the effect of carbohydrates on cysteine, three of the proteins 
used in this study, ovalbumin, horse serum albumin, and lactoglobuhn, 
were tested for their carbonhydrate contents by the orcinol method of 
S0rensen and Haugaard (8) The results are given in Table IV No at- 
tempt was made to determine the carbohydrate content of either wool or 
hair, owing to their insolubility It has been shown, however, that wool, at 
least, contains a carbohydrate (10) 

The values in Table IV do not necessarily indicate the total amounts of 
carbohydrate present, since glucosamine, vhich Neuberger (11) found in 
the polysacchande of ovalbumin, does not respond to the orcinol test The 
carbohydrate of horse serum albumin also appears to contain glucosamine 
(12) Sprensen (13) has shown that lactoglobuhn contains not more than 
about 0 1 per cent glucosamine, and it is probably safe to assume that lacto- 
globuhn is carbohydrate-free 
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It is apparent fiom a comparison of Tables I, III, and IV that reaction 
betw een cysteine and carbohydrate can account for a large part of the loss 
of cysteine observed for those proteins winch contain carbohydrate The 
evidence indicates, how evei , that carbohydrate is not alone responsible, 
since v r e should then expect to observe a very marked improvement in 
lecovery by the urea method, compared with the sealed tube method, by 
analogy with the results of Table III The improvements in recovery re- 
vealed in Table I are much smaller than w e should expect if the loss is all 
due to carbohydrate 

The best evidence that some protein component besides carbohydrate is 
involved is afforded by the results on lactoglobulm Added cysteine is far 
from completely recoverable, although it is true that lactoglobulm gives the 
best lecovenes of all the proteins investigated 

Table IV 


Carbohydrate Content of Ovalbumin, Horse Scrum Albumin, and Lactoglobulm, Orcmol 

Method 


Protein 

Per cent carb ohydrate’ 

Ovalbumin 

2 32 

Horse serum albumin 

1 27 

Lactoglobulm 

0 02 


* These values are given in terms of a mixture of equal parts of glucose and man 
nose, according to Kekwict (9) They are on a moisture-free basis 


Brand and cow'orkers (14) have quantitatively specified the composition 
of lactoglobulm in terms of know n amino acid residues To test the possi- 
bility that cysteine reacts w ith other amino acids during the digestion pro 
cess, a “synthetic lactoglobulm” w as prepared by mixing all the amino acids 
except cysteine in the propoitions given by Brand To 116 mg of this 
nnxture, equivalent to 100 mg of protein, w ere added 5 mg of cysteine and 
2 ml of 6 N HC1 Digestion w as carried out by the sealed tube method 
Recoveiy of cysteine was 95 7 per cent Thus, the loss of cysteine, 
although probably significant, is small, and one must conclude that there is 
little leaction between cysteine and the othei ammo acids in lactoglobulm 
The next hypothesis tested w as that the cysteine reacts with some pep- 
tide, although it is incapable of reacting w ith the free ammo acids If this 
w ere the case, cysteine added to an already hydrolyzed sample of lacto- 
globulm should be recoverable to the same degree as the cysteine added to 
the synthetic ammo acid mixture 100 mg of lactoglobulm w eie therefore 
hydrolyzed by the sealed tube technique To the hydrolysate w ere added 
5 mg of cysteine, the air w as displaced by carbon dioxide, and the tube w r ns 
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resealed while being evacuated, and heated for another 16 hours at 115° 
The recovery of cysteine w as 81 2 per cent, in excellent agreement with the 
value of 81 6 per cent obtained when the cysteine was added to the intact 
protein (Experiment 15, Table I) It is evident that the loss of cysteme is 
not attributable to reaction with a peptide This experiment also proves 
that the substance responsible for the loss is not destroyed by the digestion 
process 

Another possibility is that there is some impunty m the lactoglobuhn 
sample which is not a carbohydrate but is capable of reacting with cysteme 
A test of this hypothesis was made by performing a recovery experiment by 
the sealed tube technique on a sample of lactoglobuhn which had been re- 
crystallized four times 1 A recovery of 84 8 per cent was obtained This, 
although significantly higher than the 81 6 per cent recovery found for the 
once recrystallized material, still indicates a considerable loss of cysteme 


Table V 

Recovery of Cysteine Added to Protein Hydrolysates 


Protein* 

Atmosphere during 
protein hydrolysis 

Temperature during 
digestion with cysteine 

Per cent recovery 
of cysteine 

Horse serum albumin 

Carbon dioxide 

Boiling point 


<( (I it 

Air 

it it 


Wool 

“ 

Room temperature 


(1 

“ 

Boiling point 

mam 


* The weight of each sample was 100 mg 5 mg of cysteine were added to each 


Thus, if some unidentified impunty which reacts with the cysteme is 
responsible, it is very difficult to separate this matenal from the protein by 
repeated crystallization The possibility that it is not an impunty, but 
some as yet unrecognized part of the molecule, is not to be ignored 
As in the case of lactoglobuhn, tests were made on horse serum albumin 
and wool to determine whether the recovery of cysteine added after hy- 
drolysis of the protein is different from the recovery of cysteine added to 
the intact protein These determinations, reported m Table V, were made 
by the urea method To deter min e whether the hypothetical substance 
which reacts with the cysteine is stable to air oxidation, an experiment was 
performed on horse serum albumin in which the hydrolysis of the protein 
which preceded the addition of cysteine was earned out in one case m air 
and, in the other, under carbon dioxide The subsequent digestion with the 
cysteme was performed under carbon dioxide in every case To determine 
whether the reaction which leads to the loss of cysteine takes place at room 

’We should like to thank Dr R C Warner of this Laboratory for this sample 
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temperature as well as at the boiling point, one experiment was earned out 
on wool, in which the mixture of wool hydrolysate and added cysteine was 
allowed to stand for 24 hours at room temperature In the other expen- 
ments, the mixture of hydrolysate and added cysteine was refluxed for 6 
hours 

Comparison of Table V w ith Table I confirms the conclusion previously 
reached for lactoglobuhn, namely, that it makes httle difference whether 
the cysteine is added to the protein before or after the latter is hydrolyzed 
The interfering substance resists the action of acids, and is stable toward 
air oxidation The reaction with cysteine takes place nearly to the same 
extent at room temperature as at the boiling point of the digestionmixture 
Dialysis of a hydrolyzed lactoglobuhn sample showed that the interfenng 
substance passes through a cellophane dialyzing membrane 

DISCUSSION 

The chief conclusion to which this study leads is that the determination of 
cysteine m a protein by a method involving acid hydrolysis is subject to 
senous error, an error, moreover, which it is difficult to determine quan 
titatively In many analytical procedures which involve small losses, it is 
a common practice to add small amounts of the constituent sought, submit 
the mixture to the analytical procedure, calculate the per cent recovery of 
the added substance, and use this recovery factor to correct the value ob- 
tained for the desired constituent m the absence of any additions This is 
especially true of samples of biological origin Such a procedure is feasible, 
however, only when the correction is small (15 per cent is probably about 
the upper limit) and reasonably constant In this case, however, the cor- 
rections are so large and so dependent on the amount of the desired con- 
stituent that no rehable'correction seems possible 

It has been shown that only part of the loss can be attributed to reaction 
with carbohydrates Part seems to be due to an unknown non-carbohy- 
drate compound The possibility that the unknow n compound is an alde- 
hyde was considered, but the fuchsm test applied to hydrolyzed lactoglobu- 
hn was negative It is not claimed that the incomplete recovery shown by 
carbohydrate-free lactoglobuhn proves the existence of an unidentified 
component of the molecule It is conceivable that lactoglobuhn actually is 
composed of nothing but know n ammo acids but that, during hydrolysis, 
small amounts of compounds other than amino acids are produced, com- 
pounds the formation of which depends on the spatial arrangement of the 
ammo acids m the structure and which are, therefore, not produced by the 
digestion of a mixture of free ammo acids 

If cysteine is lost during protein hydrolysis, as Tables I and V indicate, it 
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is necessary to explain the fact that for a number of proteins the determined 
amounts of cysteine, cystine, and methionine account satisfactorily for the 
total protein sulfur (1, 15-19) Most of these proteins, however, either 
contain no cysteine, or the contribution of cysteine to the total sulfur is so 
small that an error of 20 per cent in the cysteine estimation would not signi- 
ficantly affect the total sulfur In the above references, of seventeen pro- 
tein samples for which total sulfur is compared with the sum of cysteine, 
cystine, and methionine sulfur, there are only four for which correction of 
the cysteine content for an assumed 20 per cent loss disturbs the sulfur 
balance to any considerable degree These are lactoglobubn (18), chymo- 
trypsinogen (1), egg albumin (19), and myosin (19) 

It may be that the lost cysteine is converted wholly or in part to cystme 
This would make it possible for the total sulfur to be correct in spite of the 
fact that the cysteine is too low, since the sum of cysteine and cystme would 
be constant Several experiments were performed by the authors to deter- 
mine whether, in some of the experiments shown in Table I, the missing 
cysteme could be accounted for as cystme The results were inconclusive, 
owing to the difficulty of determining a small change m cystine content of a 
solution containing relatively large amounts of both cystine and cysteme 

Regardless of the results of sulfur balance determinations, it is obvious 
that values for cysteme obtained by acid hydrolysis methods must be looked 
on vith grave suspicion unless the method can be so modified as to give 
complete recoveries of added cysteine 

In view of the difficulties involved m acid hydrolysis, it may be best to 
seek some method for determining sulfhydryl which utilizes the intact pro- 
tein A begtnnmg toward such a method has been made by Todnck and 
Walker (20), Kuhn and Desnuelle (21), and Mirsky and Anson (22) 

SUMMARY 

1 Cysteme added to proteins cannot be completely recovered after the 
protein is hydrolyzed by acid digestion, making doubtful cysteme deter- 
minations by this method 

2 Hydrolysis in the presence of urea prevents insoluble humm formation 
but only slightly improves the recovery of added cysteme 

3 Approximately the same loss of cysteme occurs if it is digested with a 
prehydrolyzed rather than an intact protein 

4 The presence of carbohydrate in some of the protein samples accounts 
partially but not completely for the loss of cysteine 

5 Lactoglobulm, a carbohydrate-free protein, reacts with cysteme during 
acid digestion, but a supposedly equivalent mixture of free ammo acids 
does not 
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RELATION OF AMINO ACID IMBALANCE TO NIACIN-TRYPTO- 
PHANE DEFICIENCY IN GROWING RATS* 

By W A KREHL, L M HENDERSON, J db la. HUERGA, 
and C A ELVEHJEM 

(From the Department of Biochemistry , College of Agriculture, University of 
Wisconsin, Madison) 

(Received for publication, July 11, 1946) 

The growth inhibition which results from the inclusion of corn in a low 
protein, macm-deficient ration (1) and the apparent dual r61e of macm and 
tryptophane in counteractmg this growth depression have resulted in con- 
siderable study on the mechanism of these relationships It has been 
indicated that intestinal microorganisms may play a significant part in this 
deficiency syndrome, smce the deleterious effect of com can be greatly 
modified by the use of carbohydrates previously shown to favor intestinal 
synthesis The suggestion has also been made that com might contain a 
substance structurally analogous to macm which would compete with 
this vitamin (2) The observation that tryptophane administration results 
m the increased excretion of macm and macm derivatives (3) indicates that 
the similar growth-promoting activity of macm and tryptophane may be 
due to the fact that tryptophane functions as a metabohc precursor of 
macm The fact that macm synthesis is greater on a synthetic ration 
than when com is added, despite the fact that the former ration contains 
slightly less tryptophane than the latter (1), does not lend credence to the 
explanation that tryptophane acts as a precursor of macm under these 
conditions It has been demonstrated, however, that macm may improve 
the animal’s production or utilization of tryptophane (4) If the synthesis 
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Republic 
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of niacin is impaired or if niacin is supplied m inadequate amounts, the 
dietary requirement for tryptophane is increased 

Considerable evidence is at hand to show that the chief protein of com 
(i e , zein), other proteins such as gelatin, and acid-hydrolyzed proteins, 
free of tryptophane, create a syndrome exactly analogous to that produced 
by com (5) These results indicate that the growth depressions caused by 
corn and the non-com-containing rations which contain tryptophane-free 
proteins have a common basis, namely, an imbalance of ammo acids 

Attempts have been made in the present study to extend our information 
concerning the deleterious action of com gnts and the counteraction by 
various materials and to elucidate the nature of the ammo acid imbalance 
conducive to the growth failure with rations which contain added protein 
or protem hydrolysates free of tryptophane 

EXPERIMENTAL 

The composition of the diets used is given m Table I The vitamins 
were added m the following amounts per 100 gm of ration thiamine 0 2 
mg , riboflavin 0 3 mg , pyndoxme 0 25 mg , calcium pantothenate 2 0 mg , 
choline 100 mg , 2 methyl-1, 4-naphthoqumone 0 1 mg , mositol 10 mg, 
and biotm 0 01 mg Vitamins A and D were supplied as hahbut hver oil, 
2 drops every week, together with a-tocopherol, 1 mg per rat per week 
Unless otherwise indicated, the basal rations contained practically no nico- 
tinic acid Weanling male rats of the Sprague-Dawley strain were used in 
all cases and each group contained three rats 

In an effort to determine whether an insoluble sulfonamide would inhibit 
the effect of macm m corn gnts rations, sulfasuxidme was added with and 
without macm Synthetic Lactobacillus casei factor was also added at 
a level of 25 y per 100 gm of ration, since a deficiency of this factor is 
known to occur in the rat in the presence of sulfonamides (6) The 
results for Groups 1 and 2 m Table II show that sulfasuxidme does not 
counteract the beneficial action of macm In a similar experiment, 
slreptothncm was added to the corn gnts ration at a level of 25,000 units 
per 100 gm of ration and it likewise failed to impair the beneficial action of 
macm If it is assumed that macm favors the intestinal synthesis of 
tryptophane it appears that the above drugs did not impair the activity of 
organisms responsible for this synthesis This is not surprising m view of 
the fact that these drugs have been shown to alter the synthesis of some but 
not all factors 

In an experiment to test the value of natural foodstuffs in counteracting 
the action of com grits two rations were devised containing peanuts and 
brewers’ yeast respectively These rations were prepared by reducing the 
casern content so that the tryptophane level was approximately the same as 
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that m the usual com gnts ration In this manner the effectiveness of 
these supplements could be tested, based on their macin content, which 
for the amounts used was about 1 5 mg per cent for both the peanut and 
brewers’ yeast rations The results shown m Table II, Groups 3 and 4, 
indicate the beneficial value of these supplements in the com gnts diet 
In a report on the nutritive value of the Mexican tortilla (7), it was 
indicated that this food, made from com, provided a major portion 
of the Mexican dietary Pellagra, while not unknown in Mexico, does 
not appear extensively as a result of this diet Tortillas were prepared, 


Table I 

Composition of Basal Ration 



l 

2 

3 

4 

s 

6 

7 

3 

9 

Sucrose « 

Dextnn 

78 

84 

84 

38 

43 

73 

82 

82 

82 

Casein* 

15 

9 

9 

7 

8 

9 

9 

9 

9 

Gelatin 






6 




Zein 






3 




Fibrin hydrolysate 

Casein “ 

Egg albumin hydrolysate 
Peanuts (ground) 

Brewers’ yeast 




10 

4 

2 

2 

2 

2 

Corn gnts 




40 

40 





“ oil 

3 

3 

3 

2 

2 

3 

3 

3 

3 

Salts rvt 

4 

4 

4 

3 

3 

4 

4 

4 

4 

!(— ) Cystine 

0 2 

0 2 

0 2 

02 

0 2 

0 2 

0 2 

0 2 

0 2 


* Crude casein extracted three times with boiling 95 per cent ethanol 
t Phillips, P H , and Hart, E B , J Biol Chem , 109, 657 (1935) 


therefore, according to the method descnbed by Cravioto (7), dried, and 
added to the basal ration m the usual manner It can be seen that dried 
tortillas inhibited growth just as severely as com gnts (Table II, Group 6) 
and that macin completely counteracted this inhibition Smce the most 
significant difference between the Mexican tortilla and whole yellow com 
is the much higher calcium content of the tortilla, the yellow corn ration 
was supplemented with 0 5 per cent CaC0 3 Marked growth inhibition 
was agam evident (Table II, Group 5), which was corrected with niacm 
In a previous report (1) it was shown that, of the vanous cereals tested, 
only com inhibited growth under the conditions used Additional experi- 
ments with cow peas, which are used extensively in the South, and with 








Table II 


Growth Results on Vartoua Diels 



Basal 


Gain per wk for 1 irlj., 

3 tata per groupj 

Group 

No 

ration 

(Table 

0* 

Type of raUonf and supplement to basal ration 

1 


Corn gnts 40% 

X» 

9 

2 


“ “ 40 % + 2% sulfasuxidme 

4 (+N, 29) 

3 


( “ “ 40%, peanut) 

31 

4 


(** “ 40%, brewers’ yeast) 

29 

6 


Yellow corn, 40% + CaCOi, 0 5% 

7 (+N, 30) 

6 

1 

Dried tortillas 40% 

9 (+N, 27) 

7 

n 

Cow peas 40% 

28 

8 

H 

Corn bran 40% 

30 

9 

i 

“ grits 40% + 5% corn germ 

28 

10 

i 

“ “ 40% + 10% “ “ 

25 

11 

i 

“ “ 40% + 3% dried pig stomach 

27 

12 

n 

“ “ 40% + 3-CN pyridine 1 5 mg % 

7 (+N, 32) 

13 

H 

“ “ 40% + indole 125 mg % 

4 (+T, 33) 

14 

n 

" " 40% + anthramlic acid 100 mg % 

7 (+T, 33) 

15 

Bfl 

“ “ 40% -f- indole-3 acetic acid 100 mg % 

4 (+T, 31) 

16 

2 

(Sucrose) 

15 (+N, 18) 

17 

3 

(Dextrin) 

27 

18 

2 

(Sucrose) + pyridine 3 sulfonic acid 0 2% 

9 (+N, 15) 

19 

2 

“ + 3-acetylpyndine HC1 0 2% 

17 

20 

6 

(Dextrin-casein 9%, gelatin 6%, zein 3%, fibrin 

11 (+N, 32) 



hydrolysate 2%) 

(+T, 29) 

21 

3 

(Dextrin) + glycine 1% 

25 

22 

3 

“ + Z(-)-leucme 1% 

24 

23 

3 

“ + Z(+)-glutamic acid 1% 

23 

24 

3 

“ + glycine, Z(— )-Ieucine, and Z(+) glu- 

27 (+N, 27) 



tamic acid 1% each 

(+T, 24) 

25 

2 

(Sucrose) + glycine 1 5%, Z(— )-leucine 1% 

8 (+N, 18) 

26 

2 

“ + Z(+)-glutamic acid 1 5%, Z(— )-leu- 

cine 1% 

12 (+N, 21) 

5 (+N, 13) 

27 

2 

(Sucrose) + glycine 1 5%, Z(— )-leucine 1 0%, Z(— ) 



tyrosine 0 25%, dZ-phenylalamne 0 5%, dZ-valine 
0 25% 

11 (+N, 16) 

28 

2 

(Sucrose) + Z(+) glutamic acid 1 5%, Z(— )-tyrosme 



0 25%, dZ-phenylalanine 0 5%, df-valme 0 25% 

— 


* Supplements of corn grits, yellow corn, dried tortillas, cow peas, and corn bran 
were added at the expense of the entire basal ration indicated Other supplements 
were added at the expense of sucrose, except 3-CN pyridine, indole, anthramlic 
acid, indole 3-acetic acid, pyndine-3 sulfonic acid, and 3 acetylpyndine hydro 
chloride which were added to the entire basal ration 
t Parentheses indicate the type of ration 

t The letters N and T in parentheses indicate oral supplementation with 0 -5 
mg of niacin and 10 mg of dZ-tryptophane per rat per day respectively The ac 
companying figures are the average weekly gams during the 4th and 5th weeks 
when supplements were given The figures outside of the parentheses represen 
average weekly gains during the first 3 weeks A control rat from each group was 
continued on the deficient or macin-low ration 
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com bran show that these materials fed at a level comparable to com gnts 
produce no growth inhibition (Table II, Groups 7 and 8) 

The excellent nutritive quality of com germ is evident by the fact that 
when it was included in the com gnts ration at a level as low as 5 per cent 
(at the expense of sucrose) good growth was obtained In considering the 
somewhat surprising effectiveness of such low levels of com germ it is worth 
while to note the narrow range in which the level of tryptophane is active 
in counteracting growth inhibition For example when wheat gluten and 
gelatin were used as the protein source (1) and the tryptophane content 
was 120 mg per cent, poor growth resulted, but the same ration allowed 
good growth when the tryptophane level was mcreased to only 145 mg per 
cent The effectiveness of corn germ may be due in part to the fact that it 
contributes several other of the amino acids which may be present m the 
com gnts ration m borderline amounts, although its protective action 13 
perhaps better explained by its higher niacin (t e about 40 to 45 y per gm ) 
and tryptophane content (see Table II, Groups 9 and 10) Dned pig 
stomach, a good source of both niacin and tryptophane, gave excellent 
protection against com gnts (see Table II, Group 11) 

Certain compounds related to niacin or tryptophane were tested for their 
ability to counteract the growth deficit caused by corn gnts It has 
been shown that 3-CN pyridine is unable to cure canine blacktongue (8) 
and it is clear that it has no niacin activity m the rat, although when 
macm was given after 3 weeks to rats receiving 3-CN pyndrne a marked 
growth response was observed (Table II, Group 12) Indole and indole- 
3-acetic acid were tested for tryptophane activity m counteracting the 
deleterious effect of com and found to be completely mactive No com- 
petitive activity of these compounds against tryptophane was observed 
since added dhtryptophane, at a level of 10 mg per rat per day, resulted in 
exceLent growth Anthramkc acid was tested m a similar manner because 
it is known to be active for certain bacteria (9), but it too was mactive, 
although it did not prevent the beneficial action of tryptophane (The 
results are given m Table II, Groups 13 to 15) 

Woolley reported the antiniacin activity of certain compounds related to 
macm and showed that 3-acetylpyndme given orally in single test doses 
created a macm deficiency m the mouse (10) winch was counteracted by 
large doses of macm In a similar experiment with pyndme-3-sulfonic 
acid, no macm inhibition was observed even at very high levels of this 
compound (11) 

In the present study 3-acetylpyndme as the hydrochlonde was incor- 
porated m the ration at a level of 0 2 per cent with no untoward effects 
(compare Group 19 with Group 16, Table II) Whether this difference is 
due to species variation or the somewhat different mann er in which the 
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compound was given is uncertain When pyndme-3-sulfomc acid was 
included m the same ration at a level of 0 2 per cent (9 per cent casern, 
sucrose basal) some giowth letaidation was observed which was counter- 
acted by macm (Table II, Gioup 18) In earlier experiments this com 
pound had been fed to rats at levels up to 3 per cent with no harmful 
effects However, at that time we weie using a ration containing 20 per 
cent casein Tins difference in behavior of the sulfonamide may be largely 
due to the difference in the protein level of the rations Woolley has shown, 
foi example, that the antiniacm action of 3-acetylpyridme can be counter- 
acted with tryptophane (2) 

In a continuation of the previous study with non-com, low protein ra 
tions (5) experiments were conducted to study the growth inhibition caused 
by the addition of proteins or protein hydrolysates free of tryptophane 
In verification of previous results (5), dextrin produced better growth than 
suciose when the basal ration contained 9 per cent casein (Table II, Groups 
16 and 17) However, the presence of dextrin did not protect the rat from 
the growth inhibition which resulted when tryptophane-free proteins or 
protein hydrolysates, such as a combination of 6 per cent gelatin, 3 per cent 
zem, and 2 per cent acid-hydrolyzed fibrin, were added (Table II, Group 
20), despite the fact that the nitrogen content was increased to a level 
corresponding to about 20 per cent protein 

That the giowth inhibition induced by acid-hydrolyzed proteins such as 
fibrin, egg albumin, and casern at levels of 2 per cent in a 9 per cent casein 
ration can be immediately counteracted by niacin, even after 3 weeks on 
the mhibitoiy regimen, is evident in Fig 1, giowth Curves B, C, and D 
The control rats on these rations which received no macm grew very little 
It is also clear that when macm is added the slopes of the growth curves 
aie the same as those obtained with rations containing no supplement of 
acid-hydrolyzed protein (Fig 1, Group A) The addition of iliacin to the 
lattei ration stimulates growth only slightly 

Inasmuch as one or moie of the ammo acids, glycine, leucine, and 
glutamic acid, are piesent m rather large amounts in the tryptophane-low 
piotems, zem and gelatin, and m the tryptophane-fiee acid-hydrolyzed 
proteins, fibun and casein, these ammo acids were added separately and 
collectively at a level of 1 per cent each to the 9 per cent casein-dextrin 
lation No giowth inhibition could be obseived from these ammo acids 
undei the conditions employed (Table II, Groups 21 to 24) When sucrose 
w r as used as the carbohydiate, however, and glycme and J(— )-leucme added 
togethei at a level of 1 5 and 1 pei cent lespectively, a growth inhibition was 
observed which was collected by the addition of macm at a level of 250 7 
per lat per day A combination of glutamic acid and leucme at levels of 
1 5 and 1 per cent respectively produced slightly less growth than that 
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obtained with the 9 per cent casern-sucrose basal, but the addition of niacin 
resulted in marked growth stimulation The addition of 0 25 per cent 
/(— )-tyrosme, 0 5 per cent dl-phenyla.la.nme, and 025 per cent dl-valme 
to the above combinations of glycme and l(— )-leucme seemed to depress 
growth still more and the addition of niacin was much less effective m 



( N ) at the indicated point in the growth curve Group A, 9 per cent casein (sucrose) 
basal with and without niacin, Group B, 9 per cent casein (sucrose) basal plus 2 per 
cent acid hydrolyzed fibrin, Group C, 9 per cent casein (sucrose) basal plus 2 per cent 
acid hydrolyzed egg albumin, Group D, 9 per cent casein (sucrose) basal plus 2 per 
cent acid hydrolyzed casein, Group E, 9 per cent casein (sucrose) basal plus 6 per 
cent gelatin, and Group F, 9 per cent casein (sucrose) basal plus 2 per cent glycine 


counteracting this inhibition (for the results consult Table II, Groups 25 
to 28) 

The growth inhibition caused by 6 per cent gelatin and the counteraction 
by maun are shown in Fig 1, Group E That glycme is intimately con- 
cerned m the ammo acid imbalance involved m these studies is indicated by 
the fact that the addition of 2 per cent glycme to the sucrose-casern ration 
tends to retard growth (Fig 1, Group F) and niacin counteracts this 
retardation It should be noted, however, that glycine caused very little, 
if any, growth inhibition when dextrin was used as the carbohydrate 

One of the observations made upon autopsy of rats which received com 
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without added niacm was the fact that the livers appeared fatty and 
friable When the fat content of these livers was determined, it was found 
that the animals which received com had, as a rule, more liver fat than 
the animals receiving added niacin On analysis of the livers from the 
deficient animals for niacm (12) it was found that they contained less of 
this vitamin than the control ammals That the level of choline has a 
beanng on the problem of hver fat is evident from the fact (Table III) 


Table III 

Niacm and Fal Content of Rat Livers on Various Diets 


Basal 

ration 

(Table 

i) 

Supplement to basal ration* 

Liver niacin 

Liver fat 





B 

Pi 



1 per 

y per 

y Per 

y per 

per 

per 



gm 

gm 

gm 

gm 

cent 

cenl 

i 

(Sucroso basal) (chohno 100 mg %) 

160 

[ 



3 0 

28 

i 

+ 40% corn grits 


g 



8 4 

3 2 

i 

+ 40% yellow corn (choline 60 mg % in 

116 




19 

33 


ration) 







i 

+ 40% corn grits + indole 3 acetic acid 



80 

136 



i 

+ 40% “ “ + 3-CN pyridine 

8-1 






i 

+ 40% “ “ (choline 10 mg % in 

84 

120 



25 

2° 


ration) 







i 

+ 40% corn grits (choline 30 mg % in 

86 

86 



22 

18 


ration) 







i 

+ 40% corn grits (choline 60 mg % in 

110 

126 



17 

9 7 


ration) 







2 

(Sucrose) + 3% gelatin 

98 

105 


159 



2 

“ + 3% zein 

M 

108 





2 

“ 4- 2% acid-hydrolyzed fibrin 




141 




* The parentheses indicate the type of ration 

t — N and 4-N refer to no niacm in the ration and added niacin at a level of 1 5 
mg per cent 

t — T and +T refer to no added tryptophane or added tryptophane at a level 
of 50 mg per cent 

that, as the chohne content of the ration is decreased, the liver fat markedly 
increased, even though the ammals still received a favorable growth re- 
sponse when macm was added However, the macin content of the liver 
remained low as long as hver fat was high 

It was interesting to note (Table III) that the macm content of the hvere 
from deficient ammals which received the growth-inhibiting proteins, 
gelatin and zem, or acid-hydrolyzed fibrin was low and was not greatly 
increased until the addition of macm When tryptophane was added, 
however, the content of macm m the hver markedly increased This would 
indicate that tryptophane may play a direct r61e m macm synthesis (3) 
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DISCUSSION 

The evidence so far obtained indicates that the action of com in macin- 
low synthetic rations is a function of the character of the predominant 
protein present, zein, and that this, in turn, is due to an amino acid im- 
balance m this protem It seems that this imbalance is made apparent 
through growth depression under any set of circumstances which provides 
too httle tryptophane and niacin That an imbalance of ammo acids 
results in an increased tryptophane requirement, and therefore poor growth, 
is evident by the fact that rats will grow reasonably well on rations which 
contain the same amount of tryptophane but which also contain a well 
balanced protem This increased requirement could, however, be related 
to a greatly reduced supply of niacin, through inadequate synthesis, which 
results in decreased tryptophane utilization or production 
It is clear that the land of carbohydrate used in the ration influences the 
results obtained The very much better growth obtained with dextrin 
as compared with sucrose even on the basal ration probably indicates one 
of three things (1) dextrin is stimulating the synthesis of additional factors 
needed by the rat, (2) dextnn not only provides desirable conditions in the 
intestinal tract for bacterial activity but, because of its slow hydrolysis and 
absorption, favors a more gradual absorption and better utilization of other 
accompanying nutrients, and (3) dextnn may cany some unidentified 
factor per se A combination of the first two postulations seems more 
reasonable 

Albanese and Irby (13) early reported the infenonty of essential 
ammo acids for growth as compared with protem hydrolysates and im- 
plicated the unnatural forms of certain ammo acids for this growth 
failure Kinsey and Grant (14) indicated that high levels of glycme were 
toxic and Hier et ol (15) also showed that gelatin and the ammo acids, 
glycme, phenylalanine, and prohne, resulted m growth inhibition The 
levels used m these instances were undoubtedly toxic since adequate 
amounts of niacin were included in their rations 
Although glycme of the ammo acids tested seems to inhibit growth the 
most, this cannot be the only ammo acid involved, since acid-hydrolyzed 
casern and zein, both of which inhibit growth, contain httle or no glycme 
This does not preclude the possibility that more than one ammo acid may 
be mvolved in the imbalance of a mm o acids m such circumstances 

SUMMARY 

Natural materials, such as peanuts, brewers’ yeast, corn germ, com 
bran, and dried pig stomach, used as supplements to the com grits ration 
under controlled conditions, adequately prevent growth inhibition 
Compounds such as 3-CN pyridine, mdole, mdole-3-acetic acid, and 
anthramhc acid did not replace either niacin or tryptophane in counter- 
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acting the deleterious action of com grits, but neither did they compete 
■with niacin or tryptophane to 1 educe their beneficial action 
Some inhibition of growth, which was corrected by niacm, was observed 
by pyndme-3-sulfonic acid m rations contaimng a low level of protein but 
not at a high protein level 

An ammo acid imbalance in zein and other tryptophane-low proteins 
creates a growth depiession on macin-low diets, and, of the specific ammo 
acids so far tested, glycine seems to be one of the amino acids most re- 
sponsible This effect is dependent to some extent on the type of 
carbohydrate used, since glycine exhibits no inhibition when dextrin is 
used in place of sucrose In all cases, dextrin rations produced markedly 
superior growth to sucrose rations 
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AN IMPROVED SYNTHESIS OF /3-2-THIENYLALANINE 

Br KARL DITTMER, WERNER HERZ, and JOHN S CHAMBERS 
( From the Department of Chemistry, U mversily of Colorado, Boulder ) 

(Received for publication, September 10, 1946) 

The inhibition of microbial growth by 2-thienylalamne as an antagonist 
of phenylalanine was demonstrated by du Vigneaud and coworkers (1) 
Recently more detailed studies of this inhibition were reported (2, 3) 
Further experimentation with this compound should be profitable if 
it were more readily available The reported methods (1, 4) for the 
preparation of 2-thienylalamne are time-cons umin g Since 2-chloro- 
methylthiophene can be prepared easily from thiophene by the method 
of Bhcke and Burckhalter (5), we investigated the possibility of applying 
the phthalimidomalonic ester (6) and the acetamidomalomc ester (7, 8) 
syntheses to the preparation of 2-thienylalanme By these methods 
relatively large amounts of this substance were conveniently obtained m 
good yields 


EXPERIMENTAL 

Diethyl Thenylphthalimidomalonale — 15 0 gm of sodiophthalimido- 
malomc ester (9) dissolved in 40 cc of dry toluene, and 5 9 gm of 2-chloro- 
methylthiophene (thenyl chloride) prepared by the method of Bhcke and 
Burckhalter (5), were refluxed for 6 hours The sodium chloride was 
filtered off and the filtrate was concentrated m vacuo to remove all 
toluene After a little alcohol had been added to the residue the 
product crystallized The yield was 16 5 gm of crude material (93 per 
cent of theory) 

A small amount was purified for analysis by recrystallizmg from an 
alcohol-water mixture A second recrystalhzation from acetone and w ater 
yielded shiny white platelets, m p 106 5-107° (uncorrected) 

CioHitO.NS (401 4) Calculated, N 3 49, found, N 3 49 

Diethyl Thenylacetamidomalcmale — 4 35 gm of sodium, punfied by 
boiling m toluene, were added to 200 cc of absolute ethanol After the 
sodium had dissolved completely, 41 gm of acetamidomalomc ester (7) 
were added and then, in one portion, 25 gm of 2-chloromethylthiophene 
The mixture was refluxed for 4 hours, on cooling some of the product 
separated It was collected on the filter and washed with cold water to 
remove the salt The filtrate was concentrated to about 50 cc and water 
was added until the crystals separated The product was collected, 
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recrystallized from alcohol and water, and combined with the first fraction 
Yield, 42 gm , m p 112-115° The mother liquors yielded an additional 
9 7 gm , m p 108-114° The total yield, therefore, was 51 7 gm (87 7 per 
cent of theory) 

For analysis a small sample was recrystalhzed once more from boiling 
water M p 116° (uncorrected) 

ChH 14 O s NS (313 3) Calculated, N 4 47, found, N 4 57 

fi-2-Thienylalanine From Diethyl Thenylphthahnndomalonale — A mix 
ture consisting of 16 5 gm of the crude diethyl thenylphthahmidomalo 
nate and 20 5 gm of barium hydroxide in 60 cc of water was refluxed for 
9 hours The solution was acidified -with dilute sulfunc acid to pH 2 with 
evolution of gas, heated on the steam bath until no more gas was evolved, 
and allowed to stand overnight The barium sulfate was filtered off and 
thoroughly washed with boiling water The combined filtrate and wash 
ings were freed of barium and sulfate ions, and concentrated to 10 cc 
m vacuo The residue was diluted with 50 cc of alcohol, when crystals 
started to separate, 10 cc of ether were added 3 1 gm of thienylalanme 
meltmg at 273° were obtained The mother liquors were concentrated 
to dryness, again dissolved m a small amount of water, and diluted with 
alcohol and ether as before An additional 0 8 gm of product was obtained 
The total yield was 3 9 gm , representing 51 per cent of theory, based on 
the 2-chloromethylthiophene used 

From Diethyl Thenylacetamidomalonate — 41 gm of the crude diethyl 
thenylacetamidomalonate were refluxed with 200 cc of 48 per cent hydro 
bromic acid for 7 hours Most of the HBr was removed in vacuo, the 
remainder was neutralized to pH 6 with ammonium hydroxide The 
entire solution was concentrated to dryness and the ammonium bromide 
was washed out of the residue with 40 cc of ice water, followed by washing 
with alcohol and ether The crude thienylalanme free of salt weighed 
17 3 gm , representing a 78 per cent yield, based on diethyl thenylacet- 
amidomalonate, which is an over-all yield of 67 5 per cent, based on 
2-chloromethylthiophene 

For further purification, 18 3 gm of the crude material were dissolved 
in 50 cc of 10 per cent hydrobromic acid The solution was decolorized 
with charcoal, filtered, and the acid neutralized by the calculated amount 
of ammonium hydroxide The neutral solution was diluted with 5 volumes 
of ethanol and 1 volume of ether and cooled overnight 13 1 gm of pure 
product were obtamed An additional 3 2 gm of less pure material were 
recovered from the filtrate 

CjHjOiNS (171 2) Calculated, N 8 IS, found, N 8 25 
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The authors wish to thank Dr John S Meek of this laboratory for a 
generous quantity of acetamidomalonic ester 

SUMMARY 

j3 2-Thienylalanme has been prepared from 2-chloromethylthiophene 
by the use of phthahmidomalomc ester and acetamidomalonic ester in 
51 and 67 5 per cent over-all yields respectively 
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FURTHER STUDIES OF MUTANT STRAINS OF NEUROSPORA 
REQUIRING ISOLEUCINE AND VALINE* 

By- DAVID BONNERf 

(From the School of Biological Sciences, Stanford University, California) 
(Received for publication, August 3, 1946) 

Investigations of biochemical mutations m Neurospora support the thesis 
that there exists all relation between chemical reaction and gene (2, 5, 
10) A single gene mutation therefore might be expected to block a single 
reaction, possibly by conditioning the formation of a single enzyme While 
a single enzyme may catalyze a number of reactions of a common type, 
general experience with mutants of Neurospora is that a single gene muta- 
tion results in the impairment or failure of but a single chemical reaction 
An apparent exception to this general finding has been reported previously 
(?) Strain 16117, which differs by a single gene from the parent strain, was 
reported to have a growth requirement for the two amino acids, isoleucine 
and valine To account for this double requirement, associated with a 
single gene change, it was suggested that strain 16117 was genetically 
blocked m a common step in the synthesis of these two closely related 
/3-methyIamino acids Continued investigation of this, and other closely 
related strains, has given support to the general concept of 1 1 correspond- 
ence, although the particular mechanism suggested by Bonner et al (?) 
appears now to be incorrect 

A general scheme of isoleucine and valine synthesis is presented in Fig 1 
The work described in this paper constitutes the evidence for this scheme 
The scheme shows the synthesis of isoleucine m strain 16117 to be geneti- 
cally blocked m the conversion of ketoisoleucme 1 to isoleucine, and the 
block in valine synthesis to be due to the inhibition of valine synthesis by 
accumulated ketoisoleucme Thus the association of a single gene differ- 
ence with a double growth factor requirement is accounted for by the 
inhibition of a reaction m one synthesis by an intermediate accumulated as 
a result of a genetic block m a second 

* Supported in part by grants from the Rockefeller Foundation The author la 
indebted to Mrs Mary B Houlahan for the genetic crosses reported, and to Dr TV 
C Rose of the University of Illinois for samples of the six isomers of isoleucine and 
valine 

t Present address, Osborn Botanical Laboratory, Yale University, New Haven, 
Connecticut 

1 The terms ketoisoleucme and ketovahne are used to refer to a keto p methyl 
n-valenc acid and a ketoisovaleric acid respectively 
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Methods 

Quantitative estimation of growth response was made by culturing the 
strain 72 hours at 25° in 125 ml Erlenmeyer flasks containing 20 ml of 
medium After incubation the mycelial pad was removed, dried at 100°, 
and weighed 

The basal medium used throughout is that described elsewhere (4, 9) 
In general, additions to the basal medium were made prior to stenliza 
tion That this procedure is j ustified is shown by the fact that no significant 
difference m activity was noted when keto acid solutions were stenlized 
by filtration and then added to sterile basal medium 
Ketoisoleucme and ketovaline were both prepared synthetically a-Keto- 
lsovalenc acid was prepared from diethyl dimethyloxalacetate as described 
by Rassow and Bauer (12) a-Keto-jS-methyl-n-valeric acid was prepared 

CH3 

CHyO-^CH-CH-COOH 
NHg 

ISOLEUCINE 
CH 3 

, CH 3 CH-CH-COCH 

khz 

VALI NE 

Fig 1 A scheme of isoleucine and valine synthesis in Neurospora Genetic blocks 
are indicated by strain numbers 

from diethyl methylethyloxalacetate according to the method of Mebus (11) 
The calcium salts of both compounds were prepared for growth tests 
Strains — Five strains in addition to those previously reported having the 
double requirement for isoleucine and valine have been obtained All 
available biochemical data suggest that these strains are genetically identi 
cal Heterocaryon tests (3) among these five strains were indeterminate 
Two strains, Nos 39709 and 46807, which heterocaryon tests indicated 
might differ from strain 16117, were crossed with normal strains and with 
strain 16117 Crosses of these strains with normal strains give segregation 
expected of a single gene difference Crosses with strain 16117 indicate 
genetic identity of these three strains, though the possibility of closely 
linked non-allelic genes cannot be ruled out Genetic and biochemical 
evidence, therefore, favors the view that these strains are recurrences of the 
same mutation present m strain 16117 
In addition to the strains requiring isoleucine and valine, a strain which 
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requires only valine has been used in this work Strain 33051 requires 
valine for growth, and of the two isomers only l (— )-vakne is active 
Crosses of stram 33051 with a normal strain show segregation expected of a 
single gene difference 

An isoleucineless strain of Escherichia coli has also been used in these in- 
vestigations This stram, No 58-336 (16), kindly made available to the 
author by Dr E L Tatum, requires isoleucme for growth, and of the four 
isomeric isoleucines only Z(+) isoleucme is active 

Valine and Isoleucme Inhibitions — Valme alone will permit about one- 
half normal growth of stram 33051 Additions of isoleucme, however, 



Fig 2 Growth curve of strain 33051 Curve I, growth on valme, Curve II, growth 
on valine in the presence of 10 mg per 20 ml of dl isoleucme 


bring the growth to normal (Fig 2) Concentrations of isoleucme approxi- 
mately 10 times that of valme completely inhibit growth (F lg 2) The fact 
that m strain 33051 exogenous isoleucme appears to inhibit the utilization 
of exogenous valme suggests that similar inhibitions may be present in 
stram 16117 

Stram 16117 was originally observed to require a certain ratio of valine to 
isoleucme The ratio giving maximum growth is 70 per cent l (— )-valine 
f o 30 per cent l(+)-isoleucine (7) This ratio now appears to be due to a 
mutual inhibition of utilization of both ammo acids In the presence of 
adequate isoleucme and vahne for growth, increasing valme concentrations 
give complete growth inhi bition, which is overcome by increasing the 
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isoleucme concentration (Table I) Liken lse, in the presence of a concen 
tration of isoleucme and valine sufficient for growth, increasing isoleucme 
concentrations give complete growth inhibition, w'hich is reversible by 
fuither valine additions (Table II) 

These observations suggest that a genetic block of either isoleucme or 
valine synthesis would result in a double requirement Externally supplied 
isoleucme would inhibit valme utilization in a mutant with a true isoleucme 
requirement, thus producing an apparent valine requirement Or similarly 
a tiue valme lequirement would produce an apparent isoleucme require- 
ment While this phenomenon is undoubtedly a contributing factor to the 

Table I 

Inhibition of Growth of Strain 16117 by dl-Vahnc 
Grow th is represented as mg of mycelium, dry w eight 



dl Valine, mg per 20 ml 


2 5 

s 

10 

20 




0 

38 

0 

i 

0 

36 


Table II 

Inhibition of Growth of Strain 16117 by dl-Isoleucmc 
Growth is represented as mg of mycelium, dry weight 



obseived double requirement of stram 16117, it alone will not account for 
it, smce stram 33051 will grow on valine alone The growth stimulation or 
inhibition of stiam 33051 caused by isoleucme additions to a vahne-contam- 
mg medium is likely due to the mutual isoleucme-valme inhibitions de- 
scribed for stram 16117 These inhibitions appear, therefore, to be not of 
sufficient magnitude to prevent ready detection of single requirements and 
would not account for the double reauirement of strain 16117 

Synthetic Keto Acid Preparations — The original observations concerning 
the activity of keto acids on stram 16117 were made with impure keto acid 
preparations made by oxidation of racemic ammo acids with hog d-amino 
oxidase (7) As a check on the results so obtained ketovalme and keto- 
lsoleucme were prepared synthetically 
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1 lie previously reported inactivity of a mixture of two keto acids, and the 
activity of ketovahne, tested in the presence of isoleucine, w ere confirmed 
The activity of ketoisoleucme preparations, made with d-amino oxidase and 
tested in the presence of valine, was rechecked and also confirmed How- 
ever, synthetic ketoisoleucme, tested under similar conditions, is totally 
inactive In no instance has any activity of synthetic ketoisoleucme for 
growth of strain 16117 been observed This failure of synthetic ketoisoleu- 
cme to support grow'th of strain 16117 is highly significant, and it is upon 
this observation that much of the scheme presented m Fig 1 is based 
The inactivity of synthetic ketoisoleucme is not due to its racemic nature 
since d-amino oxidase oxidizes both d( — )-isoleucme and d(— )-alloisoleu- 
cme Both the synthetic and d amino oxidase preparations are therefore 
racemic 

Available evidence suggests that the ketoisoleucme of rf-amino oxidase 
preparations is inactive for growth and that the observed activity of such 


Table III 

Activity of Ketovahne m Supporting Growth of Strain 16117 
Growth is represented as mg of mycelium, dry weight 


tfUsoIeucine 
mg per 20 ml 


0 

4 


Ketovabne mg per 20 ml 


0 

0.5 

10 

20 

40 

0 



0 


1 0 

9 

15 

23 

26 


preparations is due to the presence of some additional substance The 
chemical nature of this additional substance has not yet been determined 
Biosynthesis of Valine — The hydroxy acid analogue of valine can be used 
by strain 33051 for groivth only after a lag period of several days, suggesting 
that it is not a normal intermediate m valine synthesis Synthetic keto- 
vahne, however, is active, and at low concentrations is more active than 
valine This greater activity of the keto acid might be expected, since the 
phenomenon of inhibition of isoleucine utilization by exogenous valine is 
not present At high concentrations (5 mg per 20 ml ) the keto acid is less 
active than valine That the keto acid is not more active than valine at 
higher concentrations is probably due to the inhibition of isoleucine synthe- 
sis by ketovahne, as discussed later In accord with available evidence m 
other organisms (13, 14), the activity of ketovahne suggests that it may 
serve as an intermediate m valme synthesis m Neurospora Strain 33051 
is presumably genetically blocked, therefore, in a step involved m the for- 
mation of the carbon skeleton As mentioned earlier, strain 16117 can use 
ketovahne for growth when tested m the presence of isoleucme (Table III) 
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but the maximum growth attained is usually about one-half that attained 
by normal strains That strain 16117 grown on ketovahne does not attain 
normal growth is in agreement with the scheme presented m Fig 1 The 
fact that strain 16117 can use ketovaline indicates that this strain can carry 
out the conversion of ketovaline to valine 

Biosynthesis of Isoleucine — In the hope that the biological activity of 
synthetic ketoisoleucine could be demonstrated tests with the tsoleucinelm 
Escherichia coli strain were carried out The synthetic preparation of heto- 
lsoleucine is active for growth of this mutant strain, indicating that growth 
inhibition by this keto acid preparation is of no great consequence Keto- 
isoleucine appears to serve as an intermediate in isoleucine synthesis by this 
bacterium This observation is m agreement with available evidence re- 
garding isoleucine and related amino acid syntheses in other organisms (13, 
15) It is also of interest to note that a block in isoleucine synthesis in this 
mutant strain of Escherichia coli at a point pi lor to the conversion of keto 
isoleucine to isoleucine does not lead to a double requirement Strain 
46003 of Neurospora is known to utilize either threonine or isoleucme for 
growth (H J Teas, unpublished) Ketoisoleucine was tested on this 
mutant and found active This suggests that Neurospora can utilize keto- 
isoleucine Strain 16117 cannot use ketoisoleucine for growth when tested 
in the piesence of either valine or ketovahne Since ketoisoleucine may 
serve as an intermediate in isoleucme synthesis in other organisms, and 
since Neurospora apparently can utilize it, strain 16117 is unable to carry 
out the animation of ketoisoleucine The requirement for exogenous isoleu- 
cme appears, then, due to the inability of strain 16117 to convert Letoisoleu- 
cme to isoleucme Strain 16117 is, therefore, known to be able to convert 
ketovalme to vahne and unable to carry out the analogous reaction m 
isoleucme synthesis 

Keto Acid. Inhibitions — Growth of normal Escherichia coli (K-12) is inhib- 
ited by vahne or ketovahne, but not by isoleucme The growth inhibitions 
caused by either vahne or ketovalme can be overcome by isoleucme (E L 
Tatum, unpublished) The isoleucmeless Escherichia coli strain discussed 
above shows no inhibition by valme in the presence of isoleucme How- 
ever, at low concentrations, ketovalme completely inhibits the giowth 
activity of ketoisoleucine (Table IY), this mhibition being overcome by 
isoleucme (Table IV) In the presence of isoleucme, ketovahne is only 
slightly inhibitory These facts suggest that the inhibition by ketovalme 
is not an inhibition of the utilization of formed ammo acid, but rather an 
inhibition of the conversion of keto acid to isoleucme 

Since ketovahne specifically inhibits the animation of ketoisoleucine 
m Escherichia coli, experiments were carried out to determine whether keto- 
isoleucine might not inhibit the animation of ketovalme in Neurospora 
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This actually turns out to be the case ICetoisoleucme, in concentrations 
equal to or exceeding the concentration of ketovalme, strongly inhibits 
the activity of ketovalme for grow th of strain 16117 (Table V) However, 
m the presence of valine, ketoisoleucine shows no grow th inhibition of strain 
16117 (Table V) This indicates that the inhibition is in the conversion of 

Table IV 

Inhibition of Ketoisoleucine Growth Activity for Escherichia coh 
Strain £8-336 by Ketovalme 

Growth is represented as optical density Concentrations, mg per 10 ml 


Ketovalme 


KeUuso- 

0 

0 0 1 

01. 

10 

Icuaoe 

dl Isaleuane 

df- Isoleu an e 

dl lsoleucine ' 

di- Isoleu cine 


0 

QJ 

0 

OS 

13 

0 

° J 1 

13 

0 i 

04 

04 

0 

0 

122 

0 

169 


0 

1 

139 | 


0 1 

90 


0 05 

80 


0 


123 

0 


143 

0 


118 

0 3 

106 


94 


m 

6 


104 

0 


88 


Table V 


Ketoisoleucine Inhibition of Ketovalme Activity on Growth of Strain 161t7 


Isoleucine 

Valine 

Ketoisoleucine 

Keto\ alme 

Mycelium dry weight 

mg J>er 20 ml 

mg per ’0 mi 

mg per 10 ml 

mg per 20 ml 

mg 




i 

0 

2 0 

1 



i 


2 5 



0 



5 0 


0 




1 0 

0 

20 



1 0 

18 

2 0 


0 5 

1 0 

4 

2 0 

1 

1 0 

1 0 

2 

2 0 

1 

2 5 

1 0 

0 

2 0 


5 0 

1 0 

o 

2 0 


10 0 

1 0 

0 

2 0 

2 5 

5 0 

1 0 

53 

20 

25 

10 0 

1 0 

54 


ketovalme to valme A similar inhibiting effect of ketoisoleucine on the ac- 
tivity of ketovalme can be demonstrated m strain 33051 Here again the 
inhibition is caused by concentrations of ketoisoleucine equal to or exceed- 
ing the concentration of ketovalme, and the inhibition may be overcome 
by additions of valine 

The activity of the keto acid analogues of lsoleucine and valine in sup- 
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porting growth of strain 16117 might, therefore, be summarized as follows 
Ketoisoleucine is inactive either in combination with valine or hetovaline, 
indicating the inability of strain 16117 to carry out the conversion of keto- 
lsoleucine to isoleucme Ketovahne tested in the presence of isoleucine 
is active, indicating that the reactions mv olved in conversion of ketovalme 
to valine are operative m strain 16117 The conversion of ketovahne to 
valine, however, is strongly inhibited by the presence of exogenous keto 
isoleucine A summary of the growth response of the various strains to 
isoleucine, valine, ketoisoleucine, and ketovahne is shown in Table VI 

Table VI 

Summary of Growth of Neurospora Stratus 16117 and 33051 and Escherichia coh 
Strain 68 336 on Isolcucmc (I), Valine (V), Ketoisoleucine ( KI ), Kcloiahne 
{KV), and Various Combinations of These Four Compounds 


I , inhibition, R , reversal 


Compound 

Growth of 

Strain 16117 

Strain 33051 

Escherichia coh 
58-336 

i 

1 

— 

+ 

V 

_ 

+ 

— 

I + V 

+ 

+ 

+ 

KI 

- 

- 

+ 

KV 

— 

+ 

- 

KI + KV 

— 

- 1 

- i 

I + KV 

+ 

+ 

+ 

V + KI 

— 

+ 

+ 

KI + KV + I 

- I 

- 1 

+ R 

“ + “ +v 

- 

d- R 

- I 

“ + “ + I + V 

+ R 

+ 

+ 


DISCUSSION 

Available evidence suggests that single gene changes result in the impair 
ment of but single enzymes (see the review by Beadle (1)) Mutant strains 
having a multiple growth factor requirement associated with a single 
gene change might, therefore, be expected, since many enzymes are known 
to act on a number of related substrates A mutation affecting such an 
enzyme, would then be expected to cause a multiple deficiency by blocking 
comparable leactions m closely related compounds The genetic block 
giving rise to the double requirement of strain 16117 was thought to be a 
mutation of this type (?) This interpretation, however, is no longer 
tenable, nor is the interpretation of a genetic block m the production of a 
precursor common to both isoleucme and valine 

Present evidence indicates that the conversion of ketoisoleucine to iso- 
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leucine is genetically blocked, while the comparable animation of hetovalme 
is not so blocked If, therefore, the synthesis of valine is impaired by loss 
of an enzyme, it must be at some point prior to the formation of ketovahne, 
presumably in the synthesis of the characteristic carbon chain If this 
were the case, the single enzyme lost in strain 16117 would be expected 
to catalyze normally two reactions of totally different character As most, 
if not all enzymes have at least relative specificity, the suggestion of a 
primary genetic block in valine synthesis now seems unreasonable 

The evidence that exogenous ketoisoleucine specifically inhibits the 
animation of ketovahne provides the basis for a more plausible explanation 
of the double requirement of strain 16117 Investigations of this strain 
mdicate that it is unable to convert ketoisoleucine to isoleucine, while it 
should synthesize it Ketoisoleucine might, therefore, be expected to 
accumulate in the mycelium to a certain extent and would then block the 
animation of ketovahne Accumulation of precursors prior to a genetic 
block have been demonstrated in Neurospora in a number of instances 
(6, 8, 17) and may be expected on theoretical grounds 

Preliminary attempts to demonstrate keto acid accumulation in the 
medium have not as yet been successful However, only limited accumula- 
tion in the mycelium need occur to give the observed growth requirements 
of strain 16117 Strain 16117, in contrast to the normal stram of Neuro- 
spora or other mutant strains, however, does give rise to a characteristic 
odor when grown on isoleucine and valine, an odor resembling diacetyl 
This may mdicate that any excess keto acids formed are metabolized in a 
different way Such side reactions of an accumulated intermediate have 
been observed in another instance (6) 

The nature of the stimulating substance present in d-amino oxidase keto 
acid preparations and the accumulation of keto acids need to be demon- 
strated for confirmation of the present interpretation However, all ex- 
perimental results obtained to date are m agreement with the interpretation 
that the double requirement of stram 16117 represents a true genetic block 
m isoleucme synthesis and an apparent block m valine synthesis 

summary 

Mutant Neurospora stram 16117, differing from normal by a single gene, 
requires the two ammo acids isoleucme and valine for growth Investiga- 
tions as to the nature of this block are reported This stram cannot use 
the keto acid analogue of isoleucme, prepared synthetically, m place of 
isoleucme, but it can use the keto acid analogue of valine The keto acid 
analogue of isoleucme, however, specifically inhi bits the conveision of 
a ketoisovalenc acid to valine It is therefore suggested that stram 16117 
is genetically blocked in the conversion of a-keto-ff-methyl-n-valenc acid 
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to isoleucine and that this genetic block results in an accumulation of this 
keto acid, which in turn inhibits the conversion of a-ketoiso valeric acid to 
valine This genetic block in the synthesis of isoleucme would therefore 
give a stiain with the appaient double requirement for isoleucme and va'uie 
of strain 16117 
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CRYSTALLINE PROTEIN WITH THYMONUCLEODEPOLY- 
MERASE ACTIVITY ISOLATED FROM BEEF PANCREAS* 

By M LASKOWSKI 

(From the Department of Biochemistry, Marquette U mversily School of Medicine, 

Milwaukee) 

(Received for publication, August 26, 1946) 

The author believes that the proper name for this enzyme should be 
either desoxyribonuclemase (if the hydrolysis proceeds to the stage of 
mononucleotides) or desoxynbonuclease (if the hydrolysis stops on a higher 
level) Because, so far, no definite statement to this effect can be made, 
the provisional name is retained 

Crystalline protein was prepared by several similar procedures The 
most convenient method so far found was the following Fresh beef pan- 
creas was collected in a slaughter-house and immediately immersed in cold 
0.25 n sulfuric acid, as recommended by Kunitz and Northrop (1) The 
first three steps of preparation were identical with the method of McCarty 
( 2 ) 

Step 1 — Extraction with 0 25 N sulfuric acid 

Step 2 — Precipitation with ammonium sulfate between 0 2 and 0 4 
saturation 

Step 3 — Precipitation with ammonium sulfate between 0 17 and 0 3 satu- 
ration The repetition of this step required by McCarty’s method was 
omitted 

Step 4 — The precipitate obtained in the previous step was collected on a 
Buchner funnel, with Whatman paper No 50 It was mixed with 2 vol- 
umes of water and dialyzed in the cold against 0 01 n acetate buffer, pH 5, 
for at least 48 hours with frequent changes The precipitate which formed 
was centrifuged off, washed with a small amount of 0 01 n acetate buffer, 
pH 5, and discarded (Fraction A) 

Step & — The combined liquid and wash fluid were treated with 0 5 vol- 
ume of methyl alcohol, cooled previously to —20° The mixture was left 
for 20 minutes m an ice bath, centrifuged m the cold, and the liquid was 
discarded 

Step 6 — The precipitate (Fraction B) was redissolved in about one-fifth 
of the previous volume of water to which normal acetic acid was added 
dropwise until a complete solution of enzyme was achieved (pH 4 5 or 
somewhat lower) By careful addition of 0 1 n NaOH, the pH was brought 

* Aided by grants from the John and Mary R Markle Foundation and the Conner 
Foundation 
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up until a trace of opalescence appeared (around pH 5) The mixture was 
left foi 15 to 20 minutes at room temperature If the first precipitate which 
formed did not show a typical silky appearance, it was centrifuged off and 
discarded A few drops of 0 1 n NaOH were then added to the liquid until 
opalescence appeared When the silkiness was noticed, the mixture was 
transferred to a refngerator and left overnight To complete the crystalli- 
zation, 0 1 N NaOH was added dropwise, but not to exceed pH 5 5 Crys- 
tals thus obtained weie plates (Fig 1) 



Fig 1 Twice recrystalhzed protein, X 600 

About one-half of the activity remained m the mother liquor If the 
mother liquor was further treated with NaOH (pH over 5 5), an amorphous 
protein was precipitated If the mother liquor was treated with methyl 
alcohol a few drops at a time at pH 5 5, crystals were obtained, but were 
found to be poorly shaped 1 

1 Several alternative procedures also led to crystalline preparation One winch 
did not involve methyl alcohol was the following Step 4, the preoipitate from Step 
3 was dialyzed against 0 01 n acetate buffer at pH 4 7 The precipitate (Fraction A) 
was discarded Step 5, the liquid from Step 4 was dialyzed against 0 01 n acetate 
buffer at pH 5 The precipitate (Fraction B) was saved After repetition of dialysis 
against pH 4 7 and pH 5, a crystalline product was obtained from this fraction Step 
6, the liquid from Step 5 was dialyzed against acetate buffer at pH 5 5 The precipi 
tate (Fraction C) was microcrystalline After dissolving this precipitate in a small 
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Kecrystallization was achiev ed by a repetition of Step 6, or else by dialyz- 
ing against 0 01 n acetate buffer, pH 4 5, and readjusting the pH until the 
first appearance of opalescence 

Not infrequently, during the recrystalhzation, the shape of the crystals 
was changed to long needles, resembling cbymo trypsinogen (Fig 2) In 
one case, both forms of crystals were present simultaneously So far, it is 
not possible to define conditions specific for either of these crystalline forms 
Crystalline preparations thus obtained did not show a uniform activity 
(Table I) The following alternatives were therefore considered (1) The 



Fiq 2 Second crystalline form of the same protein as in Fig 1 First reerystalh- 
zafaon, X 300 

crystalline protein is not thymonucleodepolymerase, but is contaminated 
with a small amount of very active enzyme (2) The crystalline protein 
is thymonucleodepolymerase, but, during the process of crystallization and 
subsequent storage, undergoes some minor structural changes resulting m 
the partial loss of activity Such loss of activity may result either from the 
loss of a coenzyme (other than Mg), or the loss of an active group, such as 
— SH or S — S 


volume of dilute (0 01 n) acetic acid and readjusting the pH until the first appearance 
of opalescence, typical crystals were obtained The loss of activity was, however, 
greater than in the method previously described 



558 


CRYSTALLINE PROTEIN FROM PANCREAS 


Should the crystalline protein represent an inactive protein, its removal 
by crystallization should result in a considerable degree of purification of 
thymonucleodepolymerase in the mother liquor This, however, was not 
the case In the majority of cases the mother liquor showed only a slightly 

Table I 


Potencies of Different Crystalline Fractions of Thymonucleodepolymerase 


Preparation No 

Crystallization 

Potency, V units 
per rag protein 

Lyophilized enzyme prepared accord- 


2,300 

ing to McCarty* 

2 Ba 

1st 

25,000 

Baa 

2nd 

16,000 

Baaa 

3rd 

6,400 

Baba 

1st 

35,000 

3 C 

1st 

31,000 

D2 

1st 

65,000 

D2a 

2nd 

17,000 

D2ba 

1st 

11,000 

D2baa 

2nd 

3,000 

4 Bl 

lBt 

2,400 

5 Bl 

1st 

1,600 

B2 

2nd 

660 


* Prior to lyophihzing, this preparation showed 10,000 V units per mg of protein 
Lobs apparently occurred during this process 


Table II 

Comparison of Potencies of Fractions from Which Crystalline Protein Was Obtained 
with Crystals and Mother Liquor 
Potency is given os V units per mg of protein 


Preparation 

No 

Prior to 
crystallization 

Preparation 

No 

Crystals 

Preparation 

No 

Mother liquor 

2B 

37,400 

2Ba 

25,600 

2Bb 

60,000 

2Ba 


2Baa 

16,000 

2Bab 

10,400 

2Ban 


2Baaa 

6,400 

2Baab 

ManMijl 

2Bab 


2Baba 

35,000 

2Babb 


3C 


3Ca 

31,000 

3Cb 


4B 


4Ba 

2,400 

4Bb 

mmm 


higher potency than the crystalline material (Table II) Furthermore, 
crystalline preparations were obtained, showing activities as high as 65,000 
viscosity units per mg of protein, only shghtly lower in activity than any 
fraction so far obtamed In view of these facts, the first alternative was 
abandoned as untenable 

The search for a edenzyme led only to negative results Combining the 
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crystalline fraction with the mother hquor did not increase the activity 
above the value of the sum of the two fractions Addition of concentrated 
dialysate, or addition of freshly boiled pancreatic extract, was also ineffec- 
tive 

The possibility that thymonucleodepolymerase requires for activity free 
— SH groups, and that these groups are oxidized during crystallization, was 
ruled out The addition of hydrogen peroxide in concentration 10~ 3 m 
did not inhibit the action of thymonucleodepolymerase as measured either 
by V units (viscosity units (3)), or P units (acid-soluble phosphorus units 
(4)) Addition of either cyanide or cysteine in concentration 10~ J m to the 
solution of crystalline enzyme did not prevent the loss of activity during 
recrystallization 

The addition of either cysteine or cyanide produced an apparent enhance- 
ment of thymonucleodepolymerase activity as measured by V units (Table 


Table III 

Effect of Reducing Agents on Determination of Activity by Viscosity Method 



V units 

Enzyme alone 

2 1 

1 25 X 10~‘ u cyanide alone 

0 0 

Enzyme + t 25 X 10~‘ M cyanide 

4 0 

Enzyme alone 

0 8 

2 5 X 10~* n cysteine alone 

0 0 

Enzyme + 2 5 X 10 - * u cysteine 

1 6 


III), while the same substances produced inhibition of thymonucleode- 
polymerase activity as measured by P units (Table TV) The apparent 
activation of enzyme found by viscosimetnc methods is due to the effect 
of reducing substances on the substrate With somewhat higher concen- 
trations of reducmg agents (Fig 3), a gradual drop in viscosity of thymo- 
nucleic acid was observed which resembled the action of the enzyme 
The possibility of reducmg active S — S linkages during the crystallization 
was also investigated Addition of cystme to the reacting mixture showed 
no effect on V units and a slightly enhancing effect on P units (Table IV) 
Recrystallization m the presence of lO -4 u cystme or hydrogen peroxide did 
not prevent the loss of activity The loss of activity during storage was, 
however, slowed down by the presence of hydrogen peroxide (Table V) 
The results of these experiments do not exclude the possibility that S — S 
linkage is required for the function of thymonucleodepolymerase On the 
other hand, they indicate that not all of the loss of activity during the re- 
crystallization and storage was due to the reduction of these linkages 
A senes of experiments was performed m order to determine the optimal 
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conditions for storage of the purified material The finding of McCarty 
(2) that 0 01 pei cent gelatin everts a protective action on very dilute 
solutions of thymonucleodepolyrr erase was confirmed (Table VI), although 



TM£ 

Fig 3 Effect of cysteine and cyanide on the viscosity of thymonucleic acid No 
enzyme added All other conditions correspond to the conditions for the assay of 
thymonucleodepolymerase Time in minutes 


Table IV 

Effect of Some Substances on Determination of Activity of Thymonucleodepolymerase 
by Acid-Soluble Phosphorus Method 



P units 

Enzyme alone 

7 93 

“ + 1 25 X 10" 3 si cyanide 

5 20 

“ + 1 25 X 10—* “ 

6 05 

‘ ‘ alone 

9 7 

“ + 1 25 X 10”* si cysteine * 

8 3 

“ alone 

3 3 

“ + 1 25 X 10"* m cystine 

4 0 

“ alone 

9 2 

“ + 1 25 X 10"* st cystine 

11 7 


this protective action of gelatin was found to be of short duration The 
inactivation in dilute solutions was much faster at pH 7 than below pH 4 
The influence of pH on storage was also investigated, with somewhat less 
dilute solutions of crystalline enzyme (Fig 4) Contrary to our previous 
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Table V 

Effect of 10r 1 u Hydrogen Peroxide on Storage of Crystalline Thymonucleodepolymerase, 

Preparation 4A4 



V units per cc J 

V units per cc | 
after 1 mo | 

Per cent activity 
recovered 

No hydrogen peroxide 

7200 

880 

12 

10~‘ si hydrogen peroxide added 

3100 

1180 

38 


Table VI 


Effect of Various Diluting Agents on Stability of Thymonucleodepolymerase 



| Tested immediately . 
after dilution 

| After 24 hrs in cold 


V units per | 

V units per 

V units per 

V units per 


sample , 

cc original 

sample 

cc original 

1% gelatin (1 10,000), 0 1 cc 

10 5 




1% “ (1 1000), 0 1 “ 

Water (1 10,000), 0 1 cc 

2 0 


0 9 

9,000 

“ (1 1000), 0 1 “ 



1 4 

14,000 

0 2 M borate buffer, pH 7 (1 10,000), 0 1 cc 

0 2 xt “ “ “ 7 (1 1000), 0 1 cc 

2 6 


0 0 


0 01 n acetic acid, (1 10,000), 0 1 cc 

0 01“ “ “ (1 1000), 0 1 “ 

2 9 


7 2 

72,000 



Via 4 Influence of pH on storage All buffers are 0 lai pH 3, 4, 5, acetate buffers, 
pH 6, 7, phosphate buffers, pH 8, 9, borate buffers Concentration of protein, 0.24 
mg per cc Upper curve, after 24 hours in the refrigerator, lower curve, after the 
next 24 hours at room temperature 
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observations on the crude enzyme (4), the purified enzyme was most stable 
in acid medium The second optimum was probably accidental, since it 
shifted on 2 consecutive days Storing the pure enzyme under 50 per cent 
saturated ammonium sulfate slightly decreased the speed of decomposition 
The more concentiated the solution with respect to the enzyme, the smaller 
urns the loss of activity during storage 
In the author’s opinion, these results supply additional evidence in favor 
of the assumption that the crystalline protein is thymonucleodepolymerase, 
but that during the process of crystallization, and storage, some actne 
groups (not yet identified) aie lost, possibly as a result of hydrolysis, or 
reduction, or both 


DISCUSSION 

We have previously noticed (4) that if thymonucleodepolymerase activity 
was tested by the two different methods (viscosity and acid-soluble phos 
phorus) the latio between V units and P units varied comparatively little 
when the different stages of purification of the same batch of enzyme were 
compared Variation was much greater when the corresponding stages of 
pimfication fiom different batches were compared No explanation could 
have been offered at that time The confusing findings concerning the 
influence of reducing agents on the determmation of the activity of thy 
monucleodepolymerase by the two methods (Fig 3, Tables III and IV), sug 
gested at least a partial explanation for the variation m the V P ratio The 
excess of i educing gioups ( — SH) would result in an excessively high value 
for the V units and a low value for the P units The observed variation, 
therefore, might have been due to the differences in concentration of reduc- 
ing substances in different batches of enzyme 

Although the pure enzyme is extremely unstable in dilute solution, only 
highly dilute enzyme solutions can be used in our methods of testing (2) 
Both methods previously described by us (3, 4) should therefore be modified 
by the addition of gelatin during the enzyme incubations In the expen 
ments leported in this paper, activity tests were performed in the presence 
of 0 01 per cent gelatin 

Finally, a very important factor in determining the activity is the uni- 
formity of the substrate Although our substrate was prepared by the 
same method (Hammarsten (5)), striking differences in the values for V 
units occurred when the same enzyme was tested against different prepara- 
tions of substrate No explanation can be offered at present 

SUMMARY 

A new ciystalhne piotein from beef pancreas has been obtained and the 
method of preparing it has been described 
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The freshly prepared protein showed high thymonucleodepolymerase 
activity, but recrystalhzation resulted in a considerable loss of activity 

Several possible causes of this loss were investigated and the tentative 
conclusion was reached that some active groups (not yet identified) are 
destroyed during the process of crystallization, possibly as a result of 
hydrolysis 

Evidence has been presented that thymonucleodepolymerase does not 
require intact — SH groups for activity No definite statement can be made 
regarding S — S groups 

The conditions of assay of thymonucleodepolymerase have been dis- 
cussed 

The author wishes to thank Miss Kazenko, Miss Keith, and Mr Shupe 
for then assistance in various phases of this work, and Mr Massopust for 
photographs 
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CHANGES IN THE ABSORPTION SPECTRA DUE TO AGING OF 

THE CARR-PRICE REACTION MIXTURE WITH VITAMIN A 
AND THE COMMON CAROTENOID PIGMENTS* 

By M J CALDWELLf and J S HUGHES 
(From the Kansas Agricultural Experiment Station, Manhattan ) 

(Received for publication, September 2, 1946) 

Carr and Price (1) in 1926 introduced a reagent for the quantitative 
estimation of vitamin A which was destined to play an important rdle m 
the study of the physiology of the vitamin This reagent, a saturated 
solution of antimony trichloride m chloroform, still occupies a position of 
first importance m most laboratories where vitamin A is estimated by 
chemical means The sensitivity of the reagent and the simplicity of its 
application have made its use in many cases the method of choice How- 
ever, its non-specificity and the transient character of the blue coloration 
produced with vitamin A have at times cast doubts on its general rehabihty 

Although numerous non-vitamin A substances are known to be chromo- 
gemc with antimony tnchlonde (2), difficulty is usually encountered only 
m the case of the carotenoid pigments which are closely related to vitamin 
A and which frequently accompany the vitamin in animal tissue The 
colors produced by these pigments with the reagent display distinctly dif- 
ferent absorption spectra and a much greater apparent stability than that 
due to vitamin A The effect of mcreased temperature 1 and of intense 
illumination 2 on the instability of the Carr-Pnce colors is much more pro- 
nounced m the case of vitamm A than m the case of the carotenoids The 
variation m stability has been made the basis for the differentiation of the 
vitamm A color from that of the other chromogens by several mvestigators 
(3-5) 

Several workers have reported constants relating to the absorption 
spectra of the Carr-Pnce reaction products of vitamm A and of several of 
the other chromogemc substances Gillam (6) has reported the wave- 
length of the absorption maxima and the corresponding E'”i m values for /S- 
carotene, lycopene, lutem, zeaxanthm, and vitamm A Goldhammer and 
Kuen (7) have given corresponding values for carotene, xantbophyll, and 
for several of the sterols Yon Euler el al (8) have published curves show- 

* Contribution No 321, Department of Chemistry 

t From the dissertation submitted in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in Chemistry from the Graduate School of Kansas 
State College 

1 Caldwell, M J , and Hughes, J S , in preparation 

1 Caldwell, M J , and Hughes, J S , in preparation 
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mg absorption characteristics for /3-carotene immediately after adding the 
reagent and also 30 minutes later Lamb, Mueller, and Beach (9) have 
published curves showing the antimony trichloride colors with ergosterol, 
cholesterol, and 7-dehydrocholesterol Gibson and Taylor (10) recently 
introduced a new technique for observing the rapidly changing spectra of 
the antimony tnchlonde-chromogen systems Their “dynamic method” 



Fio 1 Modified form of the flowing cell apparatus of Gibson and Taylor used in 
determining the absorption spectra by the “dynamic method ’’ 

mvolves the use of a “flowing cell” (Fig 1) in which a steady state of flow- 
ing reagent and chromogen is maintained durmg the spectral measurement 
These workers have presented curves for hver oil concentrates, their oxi- 
dized products, and for /3-carotene, which show the rapid changes as the 
solution ages 

No comprehensive investigation has been found in the hterature relating 
to the changing spectra of the antimony trichloride reaction products with 
vitamin A m its various forms and with the carotenoid pigments most likely 
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to interfere with the Carr-Pnce determination of vitamin A It is the 
purpose of this paper to present these fundamental data which should prove 
of value in the further development of the Carr-Pnce method 

Procedure 

Materials — The Carr-Pnce reagent was prepared by the general method 
of Koehn and Sherman (11) The antimony tnchlonde was dissolved in 
the punfied chloroform at the rate of 22 5 gin per 100 ml of chloroform 
The reagent was stored at room temperature in darkness or subdued light 
and filtered before use Different batches of reagent exhibited great 
uniformity and stability 

Vitamin A 1 as the crystalline alcohol, crystalline acetate, and the liquid 
concentrate of the natural esters was available for the investigation These 
preparations were preserved in the dark at —20“ until ready for use 
Stock solutions m U S P chloroform were prepared and from these suitable 
dilutions ranging from 5 to 50 7 per ml were made for use in the Carr-Pnce 
study 

The seven most common carotenoid pigments* listed by Zechmeister (12) 
were available for these studies These were a-carotene, /3-carotene, 
7 carotene, lycopene, cryptoxanthm, lutem, and zeaxanthin Although 
the quantity of 7-carotene available was insufficient for the study of its 
Carr-Pnce absorption spectrum, it was used m the other phases of the work 
to be reported These pigments were also stored in the dark at —20° until 
used Solutions in U S P chloroform ranging in concentration from 100 to 
400 7 per ml were prepared, and the concentration and punty established 
in all cases by reference to the spectral data to be found in the literature 
(12, 13) The absorption data were obtained by the use of the Beckman 
spectrophotometer 

Apparatus and Methods — Most of the data here reported were obtamed 
by use of the Beckman spectrophotometer Before the spectral measure- 
ments were made the wave-length dial was set at the desired point and the 
instrument adjusted to zero optical density with a “blank” mixture of 1 ml 
of chloroform and 9 ml of the reagent 1 ml of the solution under test 
was placed in a lipped tube and 9 ml of the reagent added At this instant 
a stop-watch was started The reaction mixture was transferred to the 

1 The vitamin A preparations were generously supplied by Dr P L Harris of the 
Distillation Products, Inc 

* Dr L Zechmeister of the California Institute of Technology contributed samples 
of lycopene and zeaxanthin which were used m this stud} Dr John Porter of Purdue 
University and Dr G Mackinney of the University of California kindly supplied the 
lutein and the cryptoxanthm, respectively The remaining carotenoid pigments 
were either prepared in this laboratory or purchased 
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absorption cell, whi cb was quickly placed m position for measurement in 
the Beckman spectrophotometer At 30 seconds the first rending of 
optical density was taken, and readings were taken at intervals thereafter 
for a period of 10 minutes This set of data represented the change in the 
optical density at the chosen wave-length, with time The wave length 
dial was reset, and the measurements repeated This process was repeated 
at frequent intervals m the wave-length range from 500 to 700 mp, well on 
either side of the G20 m/a maximum of the vitamin A Carr-Pnce reaction 
product In plotting the data, all of the optical densities obtamed at the 
same time after mixing were plotted agamst the wave-length A senes of 
absorption curves was thereby obtamed, each member of which corresponds 
to a specific age of solution These curves, viewed together, present a 
picture of the changing Carr-Pnce reaction product from 30 seconds to 
10 minutes after mixing 

For time intervals less than 30 seconds recourse was had to the "dynamic 
method” of Gibson and Taylor, with a modified flowing cell apparatus 
Fig 1 shows the essential featuies of the flowing cell which was placed over 
the aperture of a visual Bausch and Lomb spectrophotometer The 
reagent and chromogen solutions were allowed to mix at a constant rate 
and flow through the absorption cell at a time after mixing controlled by 
the level held m the retention chamber When a steady state was reached, 
the absorption cur\ e of the flowing mixture was determined in a normal 
fashion The time after mixirg was calculated by dividing the ml of 
solution between the point of mixing and the center of the observation 
window by the late of flow of the solution m ml per minute With the 
apparatus used, reproducible results could be obtained with mixtures from 
2 to 30 seconds of age 

Calculations — All optical densities were converted to the corresponding 
E\X° m values by means of the Bouger-Beer (Beer-Lambert) law Thus 


where D is the observed optical density, c is the concentration in per cent of 
the chromogen, and l is the thickness of the absoiption cell in centimeters 

DISCUSSION 

The results obtamed m this investigation are presented graphically m 
Figs 2, 3, and 4 In these figures the E'XXm values are shown plotted 
agamst the w'ave-length, which extends well on either side of the 620 ro/i 
maximum of the vitamin A Carr-Pnce reaction mixture The age of the 
solutions measuied from the instant of mixing is mdicated on the various 
curves by numbers as well as by the coded lines The solid fines represent 
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the solution of least age, while the dotted lines represent the oldest of the 
solutions 

Examination of the curves reveals marked differences between those re- 
lating to vitamin A m any of its forms and the curves of the carotenoid 
pigments Vitamin A is seen to have chromogeme powers 10 - to 25-fold 




:c 

N 

N 


900 950 600 650 700 

WAVE LENGTH IN 

Fia 2 Absorption spectra of the Carr Price reaction products with vitamin A as 
the alcohol, acetate, and the concentrate of the natural esters, at various times after 
mixing The E (1%, 1 cm ) values are calculated in terms of the alcohol equivalent 

greater than the common carotenoids m the region of the vitamin A 
maxima Vitamin A, as alcohol, acetate, or natural ester, is unique among 
the chromogens in possessing a single strong absorption band (maximum at 
620 mp) which rapidly decreases with time Changes of a more complex 
nature are exhibited by /3-carotene, lutem, and zeaxanthin Here the 
absorption maxima shift as a wave or in steps toward the red end of the 
spectrum as the solution ages The remaining chromogens, a-carotene. 
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lycopene, and cryptoxanthm, show relatively simple absorption spectra, 
which gradually rise or fall with time In no case can the Carr-Pnce color 
be termed “stable ” 

A study of these absorption curves makes clear the differences in the 
“stability” of the Carr-Pnce colors, as normally measured with a filter 
colorimeter or a diffraction instrument of equally wide wave band In the 





Fia 3 Absorption spectra of the Carr-Pnce reaction products with ^ carotene, 
lutein, and zeaxanthin at various times after mixing of the reactants 

case of vitamin A, only the decreasing absorption in the region of 620 m/i 
is recorded, while in the case of the carotenoids major changes occurring 
m the character of the absorption spectra may be entirely overlooked, due 
to the width of the filter band used in making the measurement Thus, 
the Carr-Pnce colors with the various carotenoid pigments may be re- 
corded as stable, increasing, or decreasing, depending on the integrated 
area under the absorption curves between the limits imposed by the 
optical system involved in the measurement 
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SUMMARY 

1 Spectral absorption curves for the Carr-Pnce reaction mixture with 
vitamin A as alcohol, acetate, and concentrate of the natural esters have 
been presented for reaction nnxtures of ages varying from 2 seconds to 10 
minutes 





Fia 4 Absorption spectra of the Carr Price reaction products with a carotene, 
lycopene, and cryptoxanthin at various tunes after mixing of the reactants 

2 Similar data have been presented for six of the common carotenoid 
pigments, a-carotene, /3-carotene, lycopene, cryptoxanthin, lutein, and 
zeaxanthin 

The authors wish to thank Dr L Zechmeister, Dr John Porter, Dr G 
Mackmney, and Dr P L Hams for the gift of the carotenoids and the 
vitamin A preparations used m this study Further, we wish to acknowl- 
edge the technical assistance of Mrs Howard Hamlin who aided materi- 
ally in this project 
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THE EFFECT OF TRYPTOPHANE ON THE URINARY 
EXCRETION OF NICOTINIC ACID IN RATS* 

Br S A S1NGAL, A P BRIGGS, V P SYDENSTRICKER, and 
JULIA M LITTLEJOHN 

(From the Departments of Biochemistry and Medicine, University of Georgia 
School of Medicine, Augusta ) 

(Received for publication, August 28, 1946) 

Krehl el al (1, 2) have observed a growth retardation in rats when large 
amounts of com grits were included in a low protem ration The addition 
of either Z(— )-tiyptophane or nicotinic acid corrected the deficiency and 
allowed normal growth to proceed The beneficial action of tryptophane 
has also been observed in nicotinic acid deficiency m the chick (3) and the 
mouse (4) Although recent results (5) indicate that corn is not an essen- 
tial dietary component for the production of the deficiency state m the rat, 
a pellagragenic agent m com has been reported for the mouse (6) 

In order to elucidate the interchangeable r61e of tryptophane and nico- 
tinic acid, we have studied the effect of tryptophane and other substances 
on the urinary excretion of nicotinic acid derivatives in rats on com and 
non-com rations The results of these experiments are reported here 

EXPERIMENTAL 

Wistar rats, 20 days old, were divided into groups of two and placed 
m metabolism cages After 2 days on commercial animal ration, they 
were given the experimental diets ad libitum The composition of the 
synthetic diet was casern (Labco) 15, sucrose 74, cottonseed oil 3, salts 1 4, 
cystine 0 15, cod liver oil 2, and sodium chloride 2 parts Vitamins were 
incorporated in 100 gm of diet at the following levels thiamine 2 0 mg , 
riboflavin 2 0 mg , pyndoxme 2 0 mg , calcium pantothenate 4 0 mg , and 
choline chloride 1 0 gm The basal ration was prepared by mixing GO parts 
of the above diet with 40 parts of com gnts Supplements of tryptophane 
and casern replaced an equal amount of sucrose 
The 24 hour urine specimens were initially collected m 7 per cent HC1 
and usually diluted to 100 ml with distilled water The hydrolysis of 
urrne was accomplished by autoclaving at 15 pounds for 15 minutes 2 0 

* Presented in part at the meetings of the Federation of the American Societies for 
Experimental Biology, Atlantic City, 1946 ( Federation Proc , 6, 154 (1946)) 
Acknowledgment is made of aid from the John and Mary R Markle Foundation 
Crystalline vitamins and dl tryptophane were generously contributed by Merck 
and Company and the Winthrop Chemical Company respectively 
1 Phillips, P H , and Hart, E B , J Biol Chem , 109, 657 (1935) 
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ml of diluted urme with an equal volume of either 2 0 N H 2 S0 4 or NaOH 
The nicotinic acid content of the urme specimens and hydrolysates uas 
determmed microbiologically by the method of Snell and Wnght (7) as 
modified by Isbell (8) and chemically by the method previously employed 
(9), as were the total methylated derivatives of nicotinic acid 24 hour 
fecal specimens were prepared for microbiological assay by autoclaving the 

Table I 

Urinary Excretion of Nicotinic Acid m Rats 


All data are expressed in micrograms per 24 hours per pair of rats 


Days 

Group I 






Group VII 

0 

70 

51 

43 

35 

44 

filg 

47 

i 

114 

3KB 

15 

20 

79 


156 

2 

212 

mm 

16 

14 

97 

■ 1 

524 

3 

358 

20 

22 

18 

186 

15 1 

393 

5 

155 

28 

18 

14 

118 

14 

600 

9 

237 

47 

18 

16 

165 

10 

390 

14 

217 

39 

23 

16 

171 

18 

566 

22 

280 

65 

20 



38 

675 

28 

3S9 

66 

27 

28 


51 


29 



30 

30 




30 



51 

54 




31 



37 

152 




33 



4S 

217 




35 



46 

165 




41 



58 

296 




46 



55 

299 




52 



95 

352 





Group I, basal diet + 05 per cent Z(-) -tryptophane, Group II, basal + 1 0 mg 
per cent of nicotinic acid, Group III, basal, Group IV, basal, Group V, basal + 
0 5 per cent dl-tryptophane, Group VI, basal + 11 per cent casein, Group VII, basal 
+ 10 per cent di-tryptophane 

Beginning with the 29th day the basal diet of Groups III and IV was supple 
mented with 1 0 mg per cent of nicotinic acid and 0 5 per cent i(— ) tryptophane 
respectively 

finely ground material with 1 0 N I+SOi for 15 minutes The extracts were 
neutralized hot to pH 4 5 with brom-cresol green as indicator, cooled to 
room temperature, filtered, and neutralized to pH 6 8 with brom-thymol 
blue as mdicator 

From the results presented m Table I it is evident that the inclusion of 
l (— )-tryptophane or the racemic mixture in the basal ration results in an 
immediate mcrease m urinary nicotinic acid withm 24 hours, reaching a 
maximum several days later Nicotinic acid or supplementary casein was 
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without effect m this respect, although these supplements permitted normal 
growth when added to the basal diet However, after an initial decrease 
(1 to 9 days) upon institution of the experimental diets, the urinary nicotinic 
acid increased very gradually, which may be an indication of normal growth 
The maintenance of a low value in rats on the basal diet appears character- 
istic of the deficiency state It is interesting to note that in Group IV 
the addition of tryptophane to the diet on the 29th day of deficiency results 
in an increased excretion of nicotinic acid, but only after a delay of 2 days 


Table II 

Fecal Excretion of Nicotinic Acid, in Rale 


All data are expressed in micrograms per 24 hours per pair of rats Group diets 
are as given in Table I 


Days 

Group I 

Group II 

Group HI 

Group IV 

Group V 

Group VI 

0 

104 

91 

I 

113 

122 

123 

130 

1 

47 

51 

44 

97 

118 

76 

2 

27 

19 

32 

51 

63 

65 

3 

32 

22 

16 

44 

41 

32 

5 

26 

31 

21 

27 

56 

17 

9 

47 

45 

22 

32 

47 

45 

14 

72 

47 

26 

17 


57 

22 

95 

65 

32 

20 

75 

84 

28 

106 

95 

27 

23 

94 

126 

29 



27 

30 



30 



39 

39 



31 



62 

87 



33 



66 

57 



35 



75 

88 



41 



56 




46 



76 

100 



52 



85 

103 




There is no reflection m the fecal excretion of the relatively large amounts 
of urinary nicotinic acid excreted after tryptophane (Table II) Pre- 
sumably, nicotinic acid of bacterial origin, like that derived from diet, 
aould be reflected in the urinary fraction of methylated derivatives (10) 
and not in the free nicotinic acid fraction, which was observed to increase 
here In addition, the rapid response of the urinary nicotinic acid to 
the administration and withdrawal of tryptophane (Tables III and IV) 
suggests a direct, rather than an indirect origin 
Tryptophane, when acid-hydrolyzed alone or with normal rat urine, 
failed to influence the nicotinic acid values obtained in assay However, 
when a urine sample of a rat receiving tryptophane was similarly hydro- 
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lyzed the value increased from 358 to 770 y on the basis of a 24 hour period 
Similar lesults were obtained m other groups receiving tryptophane 
Autoclaving these specimens at pH 6 8 or in 1 0 N NaOH was without 
effect in this respect Since nicotinic acid and its amide have equal ac- 
tivities for the assay orgamsm Lactobacillus arabmosus and nicotinunc 
acid does not i equire preliminary hydrolysis to show the same activity as its 
theoretical equivalent of nicotinic acid (7), it would appear that following 
the admimstiation of tryptophane there is excreted a nicotinic acid pre 
cursor, which aftei acid hydrolysis can replace nicotinic acid as a growth 
substance for the assay orgamsm 2 

In Table III are shown the results of the administration of di-tryptophane 
to mature rats maintained on commercial animal food To avoid any 
deleterious effect of an acid preservative upon the estimation of the mco- 

Table III 

Effect of dl-Tryptophane on Urinary Excretion of Nicotinic Acid m Rats 
All data are expressed in micrograms per 24 hours per pair of rats, each of which 
received by stomach tube 200 mg of dl tryptophane the 3rd and 4th days 


Days 

Nicotinic acid* 

No hydrolysis 

Acid hydrolysis 

AUcahne hydrolysis 

1 

69 

104 

79 

2 

78 

143 (201) 

96 

3 

197 

1175 

254 

4 

202 

3124 (2710) 

286 

5 

45 

88 

74 


* Values in parentheses were obtained by chemical assay 


time acid precursor, toluene was employed m this and subsequent experi- 
ments It is apparent that after tryptophane rats on non-corn rations also 
excrete a larger amount of nicotinic acid and, in addition, a much larger 
quantity of the nicotinic acid precursor, as measured by the difference in 
values obtained by acid and alkaline hydrolysis A similar increase in the 
cyanogen bromide-metol reaction for nicotinic acid is observed after acid 
hydrolysis 

Because di-tryptophane at the level administered (400 mg per P :ur ) 
resulted in a toxic manifestation of reduced food intake, 2 the experiment 

3 Studies in this laboratory indicate that N-metbylnicotinamido or its acid hy- 
drolysate cannot replace the nicotinic acid requirement of Lactobacillus arabmosus 

3 The daily food intake per pair of mature rats was reduced from 28 gm of commer 
cial animal ration to 13 gm , when this diet was supplemented with 2 0 per cent d< 
tryptophane When l (— )-tryptophanc was employed, this reduction in food intake 
was not observed 
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was repeated by employing the natural isomer (Table IV) The results 
here are similar to those of the previous experiment, but do show much 

Table IV 

Effect o] l{—) -Tryptophane on Urinary Excretion of Nicotinic Acid Derivatives in Rats 


All data for nicotinic acid are expressed in micrograms per 24 hours per pair of rats 


Days 

Tryptophane 
ingested per 24 
hrs per pair 


Nicotinic acid 



No hydrolysis 

Acid hydrolysis 

Alkaline hydrol 
ys is 

derivatives 

i 

ms 

0 

87 

122 

104 

830 

2 

0 

103 

142 

114 

990 

3 

0 

96 

122 

112 

640 

4 

440 

472 

4917 

505 

1320 

S 

600 

709 

6155 

957 

2090 

6 

440 

682 

4675 

705 

2080 

7 

480 

829 

3555 

787 

2580 

8 

620 

632 

3377 

640 

2320 

9 

520 

742 

2955 

713 

2570 

10 

0 

230 

428 

241 

1800 

11 

0 

92 

122 

109 

1180 

12 

0 

93 

127 

105 

680 


* Obtained by chemical assay 


Table V 

Separation of Nicotinic Acid Precursor with Nont A from Urine of Rats Receiving 

Z( — ) Tryptophane 



Nicotinic acid* 

No hydrolysis | 

Acid hydrolysis | 

Alkaline hydrolysis 


- ! 

y 1 

y 

Sample 

633 

3377 

640 

Nont A filtrate 

244 j 

340 

275 

“ “ eluate 

67 (40) 

2470 (2475) 

83 


* ValueB m parentheses were obtained by chemical assay 


larger excretion values for both nicotinic acid and the precursor * ‘ Methyl- 
ated derivatives, which include the biochemically important N-methyl- 

4 Alkaline treatment as such does not destroy the nicotinic acid precursor, for a 
“tryptophane” urine specimen containing 8 5 and 26 y of nicotinic acid after alkaline 
and acid hydrolysis, respectively, when subjected to successive alkaline and acid 
hydrolysis contained 28 y 

‘Detectable quantities of the precursor have not been found in liver extract 
powder, yeast, or peptone or in cultures of Escherichia coh. Staphylococcus aureus, or 
LactohaciUus arabinosus 17 5 
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nicotinamide (11, 12) , are also substantially increased The withdrawal of 
the supplementary tryptophane results in an immediate decrease m the 
excretion of all of the above derivatives, reaching preexpenmental control 
levels by 48 hours 

In elaboratmg proceduies for the isolation of the nicotinic acid precursor, 
its adsorption behavior has been studied It is adsorbed almost completely 
by Darco G-GO, Lloyd’s reagent, and nont A from urine made 01 n with 
HC1 and is eluted by 0 I N NaOH from these materials with recoveries of 
43, 50, and 87 per cent respectively 77 per cent of the precursor is removed 
by Decalso, but elution with alkali is poor Zinc hydroxide removes only 
a small quantity of the substance In addition to the larger recoveries 
with nont A, only a small amount of the free nicotinic acid adsorbed from 
urine is eluted under these conditions (Table V) 

DISCUSSION 

Studies on nicotinic acid balance (10) and tissues (13) have already m 
dicated that the rat can synthesize nicotinic acid Although the means by 
which this was accomplished were unknown, the synthesis appeared related 
to the protein level of the diet An extra dietary source of nicotinic acid 
in the human has also been suggested (14) 

The increased excretion of nicotinic acid derivatives m rats receiving 
tryptophane suggests that this ammo acid may be important in this syn 
thesis Similar results have been observed by Rosen et al (15) It may 
appear that the effect of supplementary tryptophane observed by Krehl 
et al (1, 2) and the absence of a nicotinic acid requirement in the rat on 
diets containing adequate amounts of protein (13) are, in effect, related to 
this synthesis 

It has been suggested that the tryptophane requirement of the rat is 
related to the nicotinic acid content of the diet (5) The synthesis of 
nicotinic acid from tryptophane similarly suggests that the nicotinic 
acid requirement is related to the amount of the ammo acid available 
It has been shown that the nicotinic acid requirement of the chick is abol- 
ished by the presence of adequate amounts of tryptophane (3) and the re- 
sults m the pig (16) indicate a similar action by the protein level of the diet 
Perhaps the interchangeable r61e of tryptophane and nicotinic acid finds 
an analogy m the methionine-cystine relationship (17), m that the rats 
requirement for both tryptophane and nicotinic acid can be met by either 
adequate amounts of the ammo acid alone or a minim al amount of the 
ammo acid supplemented with nicotinic acid 

The appearance of an acid-labile nicotinic acid precursor m the urine of 
rats receivmg tryptophane suggests that it may be an intermediate in the 
synthesis of nicotinic acid Its production m the presence of large amounts 
of tryptophane, as employed here, may well exceed the rat’s capacity for 
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converting it to nicotinic acid However, the possibility exists that it 
may represent only a by-product in the metabolism of tryptophane un- 
related to the synthesis of nicotinic acid It is, of mterest, to recall that 
Koser el al (18) observed that quinolinic acid by heat treatment is de- 
carboxylated to nicotinic acid, which was then available as a growth factor 
for the dysentery bacilli This dicarboxyhc acid derivative of pyridine 
does resemble the behavior of the nicotinic acid precursor with regard to 
heat treatment in acid, alkali, and at pH 6 8 Although concentrates of 
the latter prepared from urine show a positive FeSO< reaction for quinolinic 
acid (19), the nature of this reaction is not known and the identity of 
the urinary substance must await its isolation and characterization The 
formation of the quinoline rmg from the mdole nucleus does occur in the 
synthesis of kynuremc acid (20) 


SUMMARY 

It has been observed that rats receiving tryptophane excrete relatively 
large amounts of nicotinic acid, a methylated derivative of nicotinic acid, 
and an unidentified substance which is converted to nicotinic acid by acid, 
but not alkaline, hydrolysis The latter substance is excreted m largest 
quantities at the level of the ammo acid fed Nicotinic acid and supple- 
mentary casern are without effect m this respect 
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CONVERSION OF TRIGONELLINE TO NICOTINIC ACID 
Br JESSE W HUFF* 

( From the Department of Biochemistry , Duke University School of Medicine , 
Durham, North Carolina ) 

(Received for publication, July 3, 1946) 

In 1940 Sarett, Perlzweig, and Levy (1, 2) developed a method for 
he quantitative estimation of trigonelline This method was based 
lpon the observation that, when trigonelline was moderately heated with 
itrong alkali in the presence of ammonia, a substance was produced which 
;ave the Korug color reaction, with cyanogen bromide and an aromatic 
unine, under the conditions in which nicotinic acid or the amide reacted 
nost specifically With very small amounts of trigonelline not exceeding 
) 2 mg the yield of this substance was constant, equivalent to 70 per cent 
n terms of nicotinic acid, and gave proportional values The authors 
issumed that the pyridine ring of the trigonelline was split with the elimina- 
;ion of methylamme and that the nng was closed with ammonia to yield 
ncotimc acid The isolation of this substance and its identification as 
ucotimc acid were hampered by the low yield, 1 to 5 per cent, with samples 
if trigonelline greater than 0 5 mg and by the production of a large excess 
if colored products 

From a consideration of the reactions probably involved in this trans- 
ormation (see the diagram) it was possible to devise a method whereby 
fields of sufficient amounts of nicotinic acid were obtained to permit 
solation and identification 

Tngonelkne has previously been converted to nicotinic acid by methods 
vhich mvolved a direct removal of the methyl group without breaking 
he nng Jahns (3) has reported that tngonelhne is converted to nicotinic 
icid and methyl chlonde by heating with hydrochloric acid in a closed 
;ube at a temperature of over 260° Weijlard, Tisbler, and Messerly (4) 
lave recently achieved a cleavage by a transmethylation Tngonelhne 
lydrate and pyridine hydrochlonde, when heated at 200°, yielded nicotinic 
icid and N-methylpyndmium chlonde 

By analogy with the work of Decker and Kaufmann (5) on the effect 
if alkali on N-methylpyndmium salts, a quaternary pyndimum base 
[II), first formed from the salt (I), rearranges into the a-carbinol (III) 
Ihe a-carbinol is extremely reactive and is easily split by heating with 

* Nutrition Foundation, Inc , Fellow Grants in aid of this investigation from 
ihe Nutrition Foundation, Inc , the John and Mary R Marhle Foundation, and the 
Duke University Research Council are gratefully acknowledged 
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alkali Hantzsch (G) has shown thafc heating with alkali splits off methyl 
amine fiom tugonelhne and leaves a substituted glutaconic aldehyde 
derivative (IV) which lapidly undergoes other reactions 

Complex-substituted pyridine derivatives are prepared by treating 
vanous substituted glutaconic aldehydes with ammonia to close the nng 
(7) By analogy the glutaconic aldehyde denvative (II) obtained from 
trigonelline would be expected to yield nicotinic acid (V) The action 
of potassium hydroxide and ammonia on trigonelline m the method of 
Perlzweig el al (1, 2) to yield a nicotinic acid-like substance is tuen a 
combination of two leactions, splitting of the N-substituted nng with 
alkali and subsequent closure of the ring with ammoma to produce a nng 


(I) 

/^COOH 

/ 

CH, Cl- 
OH- 


(V) 

/Voo- 


2HjO + 





// ^coo- 

W 

/ 

CH, OH- 


OH- 

y 

Rearrange 


(id 


|/\:oo- 

| OH 
CH, 


OH- 

Heat 


(III) 


CH 

CHjNH, + / \_ C00 - 

II I 

CH CH 

I II 

OH 0 
(IV) 


■with the nitrogen m its tertiary state The amount of nicotinic acid 
obtamed from the glutaconic aldehyde produced by splitting of trigonel- 
line would depend upon the result of a competition between ring closure 
with ammoma and the other reactions of which the reactive aldehyde is 
capable 

Under the conditions employed in the leaction it has been found that the 
splitting of the ring of trigonelline and the polymerization oi oxidation 
of the aldehyde derivative thus foimed are fairly rapid reactions, whereas 
the nng closure with ammonia is lelatively slow With the small amounts 
(10 to 200 y) of trigonelline employed in the quantitative method (1, 2) 
the amount of the aldehyde piesent is small, and in view of the high concen- 
tration of ammoma initially present, the mass law favors the ring closure 
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in spite of its slow rate However, when large amounts of trigonelline 
are used, very high concentrations of the aldehyde, much of which is con- 
verted to other substances with consequent lowering of the yield of the 
nicotinic acid-like substance, are reached It is thus obvious that in 
order to obtain good yields of nicotinic acid the concentration of the glu- 
tacomc aldehyde derivative must be kept low This can be obtained 
in either of two ways, (a) by carrying out the reaction m a large volume 
of alkali or (6) by using a small volume and adding the tngonelhne in 
small portions over a period of several hours 

EXPERIMENTAL 

The latter method appeared to be technically more feasible, and was 
tested experimentally as follows 50 ml of 6 n KOH, 1 ml of concentrated 
ammonium hydroxide solution, and 1 5 gm of urea were measured mto 
a 200 ml Gngnard flask equipped with a stirrer and immersed in a 75- 
80° bath When the contents of the flask had reached the temperature 
of the bath, a solution of 12 n KOH and an aqueous solution containing 
66 6 mg of trigonelline hydrochloride per ml were added simultaneously 
from two burettes at the rate of 0 5 ml per hour A total of 800 mg of 
the tngonelhne hydrochlonde was added m 24 hours The heatmg was 
continued for 2 hours after the last addition After this time mtrogen 
was bubbled through the hot solution to remove the ammonia A quanti- 
tative determination for nicotinic acid on the solution at this point, em- 
ploying the cyanogen bromide method (2), indicated that 172 mg of nico- 
tinic acid have been produced This represents a yield of 30 5 per cent 1 

The light yellow solution was neutrahzed by the addition of about 24 
ml of 18 n H2SO4 The K»S0 4 which crystallized out of solution during 
the neutralization was removed by filtration, washed several times with 
ice water, and discarded The yellow solution (volume 200 ml ) was 
rendered strongly acid (pH <1) by the addition of 13 ml of 18 n H2SO4 
and extracted with ether for 20 hours m a contmuous extractor The 
ether extract contained about 7 mg of nicotinic acid plus 200 mg of a 
white crystalline organic acid which was not identified at this time If 
this orgamc acid were not removed at this pomt, it would subsequently be 
extracted along with the nicotinic acid and render the crystallization of 
the latter more difficult At the low pH employed in the above ether 
extraction the nicotinic acid present as sulfate was not readily taken up 
by the ether 

The aqueous solution remaining from the extraction was adjusted to 

1 When 300 mg of trigonelline hydrochloride were added in one portion to 50 ml 
of 6 n KOH containing urea and N 1 i , and the solution allowed to stand at 75° for 24 
hours, there a as obtained a yield of only 6 per cent of nicotinic acid 
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pH 3 0 by the addition of strong alkali and again e\tracted with ether for 
20 hours The ether extinct contained by direct measurement 160 mg 
of nicotinic acid The ether was evapoiated to dryness, the residue was 
lecrystalkzed from ethanol and yielded 125 mg of small needle shaped 
crystals The melting point after recrystnlhzntion from water was 234- 
236° (uncorrected) The mixed melting point with pure nicotinic acid 
was unchanged A sample of the isolated material and nicotinic acid, 
when measured by the colorimetric method (2), gave the same amount of 
color The L values in the Evelyn colorimeter per microgram were 0 0226 
and 0 0227 respectively 


SUMMARY 

A procedure is presented whereby the yield of the nicotinic acid like 
substance, produced from trigonelline by heating with potassium hydroxide 
ammonia, is increased to a degree permitting isolation The substance 
was isolated from the reaction mixture and identified as nicotinic acid A 
theoretical consideration of the reactions involved is presented 

BIBLIOGRAPHY 

1 Sarett, H P , Perlzueig, W A , and Levy, E D , J Biol Chem , 136, 483 (1940) 

2 Perlzweig, W A , Levy, E D , and Sarett, HP,/ Biol Chem , 136, 729 (1940) 

3 Jahns, E , Ber chem Ges , 20, 2340 (1887) 

4 Weijlard, J , Tishler, M , and Messerl> , J P , / Am Chem Soc , 68, 1319 (1944) 

5 Decker, E , and Kaufmann, A , J prahl Chem , 84, 432 (1911) 

6 Hantzsch, A , Ber chem Ges , 19, 31 (1886) 

7 Maier-Bode, H , and Altpeter, J , Das Pyridin und seine Denvate in Wissenschaft 

und Technik, Halle on-the Salle (1934) 



THE ROLE OF ARGININE IN GROWTH WITH SOME 
OBSERVATIONS ON THE EFFECTS OF 
ARGININIC ACID* 

By ALECK BORMAN , THOMAS R WOOD, HOWARD C BLACK, ELEANOR 
G ANDERSON, M JANE OESTERLING, MADELYN WOMACK, 
and WILLIAM C ROSEf 

(.From the Division of Biochemistry, Noyes Laboratory of Chemistry, 
University of Illinois, Urbana) 

(Recci\ed for publication, September 16, 1946) 

In previous papers from this laboratory consideration has been given to 
the nutritive r61e of eighteen amino acids (cf Rose and Fierke (11)) Of 
these, rune were shown to be essential dietary components for the rat, and 
nine were classified as non-essential in the sense that they can be synthe- 
sized by the organism 

Four ammo acids which are generally recognized as components of pro- 
teins remain to be classified with respect to their growth effects m the 
rat 1 These are arginine, prolrne, hydroxyprohne, and glutamic acid 
The earlier literature dealing with these ammo acids has been reviewed 
elsewhere (Rose (10)), and need not be repeated here It is sufficient to 
point out that as early as 1930 Scull and Rose (13) demonstrated the syn- 
thesis of arginine m vivo, and that most investigators have regarded prohne, 
hydroxyprolme, and glutamic acid as non-essential constituents of the 
food It should be borne m mind, however, that earlier reports dealt with 
the effects of diets containing hydrolyzed proteins from which the ammo 
acids m question had been removed as completely as available methods 
permitted Under these conditions traces may have remained in the 
hydrolysates In view of this possibility, we stated several years ago that 
final judgment must await the results of feeding experiments involving the 
use of mixtures of highly purified ammo acids” (St Julian and Rose (15)) 
The present paper describes experiments of this nature The results 

* Aided by grants from the Rockefeller Foundation, the Nutrition Foundation, 
Inc , and the Graduate School Research Fund of the University of Illinois 

t The experiments reported in this paper have extended over several years, and the 
data have been taken from parts of theses submitted by Aleck Borman, Thomas R 
Wood, and Howard C Black in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy in Biochemistry, and by Eleanor G Anderson and M Jane 
Oesterhng m partial fulfilment of the requirements for the degrees of Master of Arts 
and Master of Science respectively in Biochemistry in the Graduate School of the 
University of Illinois 

1 This senes of papers \\ as interrupted by the n ar and the extra duties of the senior 
author resulting therefrom 


685 



586 


ARGININE AND ARGININIC ACID 


demonstrate that arginine exerts a growth-stimulatory action This was 
contrary to oui expectations in view of the previous observations of Scull 
and Rose That this conflict is apparent lather than real will be made 
clear below 


EXPERIMENTAL 

Inasmuch as animals can grow even when arginine is absent from the 
food, an unusually large number of experiments was necessary in order to 
establish the magnitude of the growth stimulation exerted by this ammo 
acid, and to avoid the possibility that conclusions might be based on 
fortmtous results To conserve space, the earlier tests will be summarized 
quite briefly, and only in the more recent investigations, in which the qual 
lty of the diets has been improved, will the details of the methods be 
recorded 

Invariably, the ammo acids which served as the nitrogenous components 
of the food were shown to be analytically pure Furthermore, those which 
had been prepared from proteins were tested for arginine by the Weber 
(16) modification of the Sakaguchi (12) procedure This test is applicable 
in the presence of most other ammo acids Tyrosine and tryptophane tend 
to mduce atypical reactions, and traces of arginine cannot be detected in 
the presence of considerable quantities of histidine In order to exclude 
the possibility that our histidine might have been contaminated with small 
amounts of arginine, the former, in several instances, was recrystallized 
five times after it yielded correct analytical values This did not alter the 
mtensity of the arginine stimulation 

The first experiment mvolved a comparison of the growth effects of two 
diets differing from each other m that one contamed arginine, glutamic 
acid, and the prolmes The results showed that the animals which re- 
ceived these ammo acids succeeded m making better gams than did their 
litter mates which were deprived of them Since no attempt was made to 
equalize the mtrogen content of the two rations, the possibility existed that 
this inequality might have been responsible for the difference m growth 
behavior of the two groups 

In a second test the diets furnished identical quantities of mtrogen, and 
the ammo acids were added individually Thus, one group of animals 
received arginine, another glutamic acid, a third proline, and a fourth 
hydroxyprolme The data pomted to argmine as the effective agent A 
slight stimulation appeared to have been induced by prolme, but the effects 
were so small as to be regarded as insignificant at the tmie In the light of 
the more recent observation of Stetten and Schoenheimer (14) that prolme 
“labeled” with deuterium and N 1S is converted mto hydroxyprolme, glu- 
tamic acid, and ornithine, the effect on growth of each of these 5 -carbon 
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compounds requires further investigation Such experiments are already 
in progress in this laboratory The present paper is concerned with the 
rdle of arginine 

In view of the apparent growth-stimulatory activity of arginine observed 
m the preliminary experiments mentioned above, 2 a large number of addi- 
tional tests have been conducted These may be grouped conveniently 
into three series Senes I mvolved the use of diets containing mixtures of 
eighteen ammo acids with, and without the addition of arginine The 
mixtures were devoid of norleucine, hydroxyglutamic acid, and citrullme 
Norleucine is unnecessary for growth (cf Womack and Rose (17)) and in 
our hands has proved to be moderately detrimental (Rose andFierke, 
unpublished data) Furthermore, the status of this amino acid (Consden 
el al (1)) and of hydroxyglutamic acid (Nicolet and Shinn (8)) as com- 
ponents of proteins has been questioned m recent years Citrullme is 
non essential (c/ Rose and Fierke (11)) The possibility of its replacing 
arginine for growth purposes will be considered in another paper The 
ammo acid mixtures in this senes contained 0 2 per cent of f(— )-prohne, 
0 1 per cent of £(— )-hydroxypvoline, and 2 0 per cent of £(+)-glutamic acid 
Thus, if one or more of these amino acids is convertible mto arginine, at a 
rate commensurate with the arginine requirement for maximum growth, 
one would not anticipate that the addition of arginine would exert a stimu- 
latory effect 

Thirty-two htters of young rats were used m Senes I Each litter was 
divided as equitably as possible, with respect to the body weight and the 
sex of the numbers, mto two groups One group received the basal ar- 
gmme-free ration The other group received the basal diet supplemented 
with 0 6 or 0 7 per cent of J(+)-argimne monohydrochloride The animals 
were housed separately, and were permitted to mgest the diets ad libitum. 
for 28 days The water containers were replenished daily and the food 
cups as required 

Of the 102 animals which received the argmme-free diet the mean gam 
was 37 7 ± 0 44 gm Of the 108 animals which received the same basal 
ration supplemented with arginine the mean gam v as 46 2 ± 0 52 gm The 
mean difference, 8 5 gm , would appear to indicate unmistakably that 
argmme exerts a stimulatory effect upon growth even when the food con- 
tains small amounts of proline, kydroxyprokne, and glutamic acid This 
conclusion is substantiated by the fact that the ratio of the mean difference 
to the probable error of the difference is 12 5 Generally, ratios of 4 or 
more are regarded as de fini tely significant A ratio of 12 5 implies that the 

* These preliminary testa were earned out by Edwin T Mertz and J Kenneth 
Gunther 
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odds against the difference being due to chance alone are overwhelming 
(approximately 10 17 to 1) 

Series II mvolved the use of several basal diets, all of which contained 
mixtures of the nine ammo acids previously shown to be essential for the 
giowth of the lat Thus, all diets were devoid of the prohnes and glutamic 
acid, and differed from each other only m minor details Seven of the 
ammo acids were synthetic products, while three, namely tryptophane, his- 
tidine monohydrochlonde, and arginine monohydroehlonde, were denved 
from proteins In several experiments, both the tryptophane and the 
histidine monohydrochloride were recrystalhzed five tunes after they 
yielded correct analytical values m order to exclude possible contamination 
with argmme 

Eighteen litters, totaling 99 animals, were employed in Senes II Of 
these, forty-nme rats received the basal rations without arginine, and 50 
the same rations supplemented with 0 24 per cent of Z(-f)-argminemonohy 
drochloride (equivalent to 0 2 per cent of the free amino acid) 3 The dura 
tion of the tests, as m Series I, was 28 days 

The mean gam of the animals which mgested the arginine-free diet was 
28 9 ± 0 41 gm The mean gam of the animals which mgested the ration 
supplemented with argmme was 36 0 ± 0 55 gm Thus, the mean differ 
ence in favor of the rats which received arginine amounted to 7 1 gm The 
ratio of the mean difference to the probable error of the difference was 10 3 
This implies that the odds against the occurrence of a ratio as great or 
greater than this, due to chance alone, are m excess of 6 5 x 10 10 to 1 

The above data leave little room for doubt that arginine exerts a growth 
stimulatory action in the rat This conclusion has received further confir 
mation in recent experiments involving the use of an improved basal diet 
For several years, systematic investigations m this laboratory have been 
directed toward the establishment of the most favorable conditions for the 
growth of animals on diets containing mixtures of ammo acids These 
studies appear to indicate that rats make somewhat better gams when the 
rations contain relatively small proportions of fats In most of our previous 
experiments the diets have contained in excess of 30 per cent of fat Fur 
thermore, the salt mixture of Osborne and Mendel (9) formerly employed 
by us does not furnish sufficient phosphorus to permit maximum gams unless 
the diet contains casein, yeast, or some othei additional source of this ele- 
ment (c/ Jones and Foster (6)) We now use Mixture 12 of Jones and 
Foster (6) Finally, m all of our earlier ammo acid studies the vitamin 
intakes of the animals were suboptimnl This fact was thoroughly appre- 
ciated at the time, but could not be avoided without introducing into the 

* Unpublished experiments have shown that, under the conditions of our teats, 
larger percentages of argmme are not more effective 
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food too much nitrogen of an unknown nature With the increase in 
knowledge of the vitamin requirements of the rat and the advent of abun- 
dant supphes of the crystalline vitamins, this unavoidable defect m our 
previous practice has been remedied 

It seemed likely that a diet which permits relatively rapid growth, when 
all required ammo acids are included, might be particularly well adapted to 


Table I 

Composition of Amino Acid Mixture 



Mature XX III a 


Physiologically 

active 

As used 


in 

tm 

Glycine 

0 10 

0 10 

Alanine 

0 20 

0 40* 

Senne 

0 10 

0 20* 

Valine 

1 00 

2 00* 

Leucine 

1 20 

2 40* 

Jsoleucine 

0 80 

1 60* 

Cystine 

0 20 

0 20 

Methionine 

0 80 

0 80* 

Threonine 

0 70 

1 40* 

Phenylalanine 

1 20 

1 20* 

Tyrosine 

IX SB 

0 60 

Proline 


0 20 

Hydroxyprolme 


0 10 

Tiyptophane 


0 40 

Aspartic acid 

yifit 

0 20 

Glutamic “ 

iii§» !?!HU 

2 00 

Lysine 

1 20 


“ monohydrochloride 


3 00* 

Histidine 

0 70 


“ monohydrochlonde monohydrate 


0 95 

Sodium bicarbonate 


1 76 


11 70 

19 51 


* Racemic acids 


a study of the arginine effect With this consideration in mmd, additional 
experiments were undertaken Simultaneously, the possible replacement 
of arginine for growth purposes bv its a-hvdroxy analogue, argmmic acid, 
was tested These experiments constitute Senes III As in the investiga- 
tions of Senes I and II, the test penod was 28 days and the animals were 
permitted to mgest the food ad libitum, 

The composition of the ammo acid mixture (Mixture XXIII-a) is shown 
m Table I As will be observed, it was devoid of arginine This ammo 
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acid (or argminic acid) was incorporated in the food as desired Nine of 
the amino acids \\ ere racemic products In order to allow foi the unnatural 
enantiomorphs, twice the desired quantities were included m the mixture 
except in the case of phenylalanine and methionine Previous studies have 
shown that both forms of these ammo acids are equally effective for the 
growth of the rat (c/ Rose (10)) 

The make-up of the diets is summarized in Tables II and III Diet 1 
was devoid of aigimne and argminic acid Diet 2 contained 0 24 per cent 
of /(-l-)-aigimne monohydrochlonde Diet 3 was supplemented with 0 4 


Table II 


Composition of Diets 



Diet 1 i 

Did 2 

Diet 3 

i 


tm 

wmm 


Amino acid Mixture XXIII a 

10 51 

KgK 


Z(+) Arginine monohydrcchlondc 

0 

SUB 

0 

l{ — )-Argimnic acid 

0 

0 

0 40 

Sucrose 

71 71 

71 50 

71 34 

Cellu Hour 

2 00 

2 00 

2 00 

Salt mixture* 

4 00 

4 00 

4 00 

Com oil 

2 00 

2 00 

2 00 

Haliver oilf 

t) 05 

0 05 

0 05 

Inositol 

0 10 

0 10 

0 10 

Choline chloride 

0 20 

0 20 

0 20 

Liver e\tractj 

0 40 

0 40 

0 40 


100 00 

100 00 

100 00 


* Jones and Foster (6) 

t This contained 65,000 U S P units of vitamin A and 10,000 DSP units of 
vitamin D per gm 

t Wilson’s liver pow '"r 1 20 


per cent, or two equivalents, of l{— )-arginmic acid The quantities of 
vitamins Listed m Table III were admixed thoroughly with 1 kilo of each 
of the diets recorded in Table II In our hands, better growth is obtained 
when the vitamins are mcluded m the diets than when they are administered 
separately The unknown nitrogen present in the liver extract could not 
have exceeded 32 mg per 100 gm of food, and consequently could not have 
contributed significant quantities of arginine 
Argminic acid was piepared by a slight modification of the procedure of 
Felix and Schneider (4) The yield of pure product from 40 gm of f(+)“ 
arginine monohydrochlonde was 22 gm , or 67 per cent of the theory The 
compound showed a specific lotation m aqueous solution of — 11 85° This 
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is identical with the value reported by Hunter and Woodward (5) Felix 
and Mfiller (3) reported a specific rotation of — 12 5° Analysis yielded the 
following results 

CiHuNjOj Calculated C 41 11, H 7 48, N 24 00 
Found “ 41 08, “ 7 46, “ 23 84 

It is well known that the deamination of an ammo acid with mtrous acid, 
as in the above procedure, is not accompanied by a Walden inversion, and 
that the hydroxy acid so formed has the configuration characteristic of the 
ammo acid from which it is derived (c/ Levene (7)) Thus, the product 
obtained in the above reaction is correctly designated as l (— )-argmmic 
acid 


Table III 
Vitamin Supplements 



Added to each kilo of the 
rations 

Thiamine hydrochloride 

ms 

5 

Riboflavin 

10 

Pyridoxine hydrochloride 

5 

Nicotinic acid 

5 

Calcium d pantothenate 

25 

V Aminobenzoic acid 

300 

a Tocopherol 

25 

2 Methyl 1,4 naphthoquinone 

2 

Biotin* 

100 


* S M A Corporation concentrate equivalent to 100 y of pure biotin 


Three fitters of rats were used in the feeding trials Each litter u as di- 
vided as equitably as possible among the three diets The results are 
summarized in Table IV The mean gam of the eight animals which were 
deprived of arginine nan 39 0 gm , u Me the corresponding gam of the ten 
animals which received arginine was 72 6 gm Thus, with diets of other- 
wise high quality the rats deprived of dietary arginine gamed scarcely 54 
per cent as much as did them fitter mates which received this ammo acid 
If one examines the behavior of each sex separately, it is noted that without 
and with arginine the males gamed 42 0 and 82 0 gm and the females 36 0 
and 63 2 gm respectively In the light of the highly significant findings in 
the animals of Senes I and II, the marled differences now observed following 
the use of an improved basal ration provide convincing proof of the rdle of 
argmme as a growth factor m the rat 
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The present findings are not in conflict with the observation of Scull and 
Rose (13) that aigimne can be synthesized by the rat Indeed, the results 
of the two investigations confirm each other in a remarkable and unexpected 
fashion If arginine could not be synthesized in vivo , animals depnvedof 

Table IV 

Effects of Arginine and Argtninic Acid on Growth 


The experiments covered 28 days each 


Litter No 

Rat No and sex 

Total increase 
in weight 

Total food intake 

Supplement 

i 

6212 d 


rm 

190 

None 




181 

<< 


6241 9 


176 

a 



47 

213 

Argimmc acid 



16 

240* 

U « 


6217 9 

13 

213* 

it It 



90 

286 

Arginine 


6249 9 

66 

276* 

it 


6250 9 

68 

243* 


2 

6251 d 

50 

199 

None 


6252 9 

10 

174 

H 


6253 o' 

47 

191 

Argimmc acid 


625-1 d 

51 

187 



6255 9 

12 

1S9 



6256 9 

42 

198* 



6257 d 

70 

236 

Arginine 


625S d 

84 

252 



6259 9 

6-1 

237* 



6260 9 

65 

242 


3 

6320 d 

37 

193 

None 


6321 d 

41 

193 



6322 9 

36 

195 



6323 d 

49 

206* 

Argimmc acid 


6324 d 

60 

250* 



6325 9 

45 

229 



6326 d 

SO 

242 

Arginine 


6327 d 

SO 

250 



6328 9 

63 

258* 



* The animal scattered food, the recorded intake is probably too high 


it would necessarily lose weight, just as they do wheD they are denied acces. 
to tryptophane, leucine, or any other dietary essential The fact t 
growth occurs is proof that the ammo acid is manufactured m the organism 
The important point is that its synthesis does not keep pace with the nee 
of the animal for normal growth This differentiates arginine from the non 
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essential ammo acids, which apparently can be produced in sufficient 
amounts to meet fully the requirements of the animal 

The classification of arginine as dispensable or indispensable is purely a 
matter of definition At the present time, we define an indispensable 
dietary component as one which cannot be synthesized by the animal 
organism, out of materials ordinarily available to the cells (cf Cox and Rose 
(2)), at a speed commensurate with the demands for normal growth Un- 
der this definition, arginine must be classified as m dispensable, although it 
alone of its group may be excluded from the food without occasionmg a loss 
in weight As additional information comes to light concerning the role of 
the amino acids m other functions such as reproduction and detoxication, 
redefinition of the term “indispensable” may become necessary As cur- 
rently used m this laboratory it refers to growth alone Furthermore, one 
must always denote the species in classifying a dietary component as dis- 
pensable or indispensable since important species differences have already 
been recognized and doubtless are destmed to become more numerous 

With respect to argininic acid, the data m Table IV demonstrate that it 
is much less effective than arginine The mean gam of the ten rats which 
received argininic acid was 47 2 gm as compared to 39 0 gm for the ani- 
mals which ingested the arginine-free diet An examination of the behavior 
of each sex shows that without any supplement and with argininic acid the 
males gamed 42 0 and 50 6 gm , and the females 36 0 and 43 8 gm respec- 
tively Evidently some growth stimulation occurred, but certainly argi- 
ninic acid is a poor substitute for arginine One should recall that two 
equivalents of argininic acid were present m Diet 3 Had 50 per cent been 
converted into arginine, growth comparable to that induced by the ammo 
acid should have occurred As a matter of fact, the mean growth mcrement 
in the rats which received the hydroxy analogue was only about one-fourth 
that observed in the arginine controls Despite the hazard of basmg calcu- 
lations upon so few data, one is tempted to conclude that not more than 
one-eighth, or 12 per cent, of the argininic acid was transformed into argi- 
nine Even less evidence of growth stimulation by argimmc acid was 
observed in a group of animals (the details are not included m this paper) 
which received a basal diet containing mne instead of eighteen ammo acids 
In these tests, supplementation with argimmc acid occasioned, m twenty- 
six rats, only about one-sixth of the mean growth mcrement observed m 
twenty-three animals receiving arginine This would appear to indicate 
that not more than 8 per cent of the argimmc acid was animated 

SUMMARY 

Investigations upon more than 300 young rats receiving diets containing 
mixtures of amino acids in place of proteins have demonstrated that m this 
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species arginine is a necessary dietary component for optimum, growth The 
effects of arginine are highly significant statistically whether the basal diet 
contains nine or eighteen amino acids Evidently, the synthesis of argimne 
in vivo does not keep pace with the arginine requirements of the cells for 
maximum increases m weight 

Arginmic acid, when added to an argimne-free diet, exerts only a moder 
ate effect on the growth rate of young rats This indicates that the hy 
droxy compound is not readily transformed into the amino acid by the 
species in question 
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PHOSPHORUS COMPOUNDS IN ANIMAL TISSUES 

V THE PRECIPITATION OF NUCLEOPROTEINS FROM RAT LIVER 
HOMOGENATES BY CALCIUM CHLORIDE 

By WALTER C SCHNEIDER* 

(From the McArdle Memorial Laboratory, Medical School, University of Wisconsin, 

Madison) 

(Received for publication, August 15, 1946) 

The precipitation of nucleoprotems by dilute solutions of calcium chloride 
and other inorganic salts was discovered by Huiskamp (3) about 50 years 
ago, but little information has been gamed about the quantitative aspects 
of the precipitation or of the relative precipitabihties of the pentose as 
compared to the desoxypentose nucleoprotems As a result of the develop- 
ment of methods for the quantitative extraction of the nucleic acids from 
animal tissue suspensions and for their estimation by colorimetric reac- 
tions (5), a study of these problems has been greatly facilitated The 
present report describes an investigation of the precipitation of the nucleo- 
protems of rat liver homogenates by calcium chloride solutions 

Materials and Methods 

Tissue Preparations — The liver was removed as rapidly as possible from 
rats killed by decapitation and was homogenized in ice-cold distilled w ater 
in the apparatus of Potter and Elvehjem (4) The liver homogenate i\ as 
either used as such or was freed of nuclei and mitochondria by centrifuging 
the homogenate as described previously (6) 

Measurement of Nucleic Acids — Desoxypentose nucleic acid (DNA) and 
pentose nucleic acid (PNA) were extracted as descnbed m an earlier paper 
after acid-soluble compounds had been removed (5) DNA and PNA i\ ere 
determined m the nucleic acid extract by the diphenylamine and orcinol 
reactions, respectively (5) 

Measurement of Protein — Protein was determined by the colorimetric 
method descnbed by Weichselbaum (7) Crystalline bovine albumni was 
used as a standard The results are reported m terms of mg of protein 
Since turbidities were encountered in the apphcation of the method to liver 
homogenates and liver extracts, the protein results reported are to be con- 
sidered only as relative values and not as the absolute protein content of the 
matenal m question 

* Fellow of the Jane Coffin Childs Memorial Fund for Medical Research This 
investigation has been aided by a grant from the Jane Coffin Childs Memorial Fund 
for Medical Research 

Present address. The Rockefeller Institute for Medical Research, New York 
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Results 

When calcium chlonde is added to a liver homogenate in an appropriate 
concentration, a finely divided nucleoprotein precipitate immediately forms 
The precipitate centrifuges down at relatively low speeds (2000 hpm) and 
the slightly opalescent supernatant can be poured off without disturbing the 
precipitate The follow ing experiments were designed to test the effective- 
ness of the precipitation and the influence of different factors on the precipi- 
tation 




ML O 33 4 CaCIo ML 4 OY. NoCI 

ADDED PER 4 0 ML SOLUTION 

Fio 1 (Left) The effect of CaCIj concentration on the precipitation of nucleo* 
proteins from a homogenate of rat liver in distilled water The precipitations were 
earned out in centrifuge tubes and the final volume in each tube was 4 0 ml Each 
tube contained the equivalent of 250 mg of fresh rat liver m the form of a homogenate 
CaCL was added as indicated in the chart and, after mixing, the contents of the tubes 
were centrifuged for 10 minutes at 600^ to remove the precipitated nucleoprotein 
The supernatants were poured off and the precipitates were washed with 4 0 ml of a 
solution of the same CaCli concentrations which had been used in the precipitations 
PNA and DNA were determined in the precipitates and protein was estimated in the 
supernatants from the CaCIj precipitates The amounts of PNA, DNA, and protein 
found in the original homogenates are given at zero CaCl- concentration 

Fiq 2 (Right) The effect of NaCl concentration on the precipitation of nucleo- 
proteins by CaCL The final volume and the tissue concentration were the same as in 
Fig 1 NaCl was added in the amounts indicated (the arrow indicates 0 9 per cent 
NaCl) and, after mixing, 0 1 ml of 2 2 per cent CaCIj was added to each tube The 
contents of the tubes were centrifuged as in Fig 1 PNA and DNA w ere determined 
on the CaCL precipitates and protein was estimated in the supernatants from the 
precipitates 

Effect of Calcium Chloride Concentration — The effect of the CnCls con- 
centration on the precipitation of the nucleoprotems of a rat liver homo- 
genate is given in Fig 1 , which show s that at calcium concentrations greater 
than 0 033 per cent the nucleic acids \\ ere found almost entirely m the 
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precipitate produced by the calcium At lower levels of CaCl 2 , the amount 
of PNA found in the precipitate varied directly with the calcium chloride 
concentration On the other hand, the amount of protein found in the 
supernatant from the calcium chloride precipitate varied inversely with 
the calcium ion concentration Thus the precipitation of PNA was ap- 
parently correlated with precipitation of protein from the homogenate 
The DNA was found entirely in the sediment at all calcium concentrations, 
presumably because the DNA was present m intact nuclei which were cen- 
trifuged down regardless of the calcium concentration 

Effect of NaCl Concentration on Precipitation of Rat Liver Nucleoproteins 
by CaCL — Attempts to precipitate nucleoproteins with CaCl 2 from hver 
homogenates in isotonic NaCl led to low yields of PNA m the precipitate 
Fig 2 shows the effect of different levels of NaCl on the precipitation of 
nucleoproteins by 0 055 per cent CaCl 2 Fig 2 shows that, as the NaCl 
concentration was increased, the amount of PNA m the precipitate de- 
creased, while the amount of protem m the supernatant from the CaCl 2 
precipitate increased The entire amount of DNA present in the original 
homogenate was found m the precipitate at all levels of NaCl Thus the 
NaCl apparently had a solubilizing action on the CaCl 2 -pentose nucleopro- 
tein precipitate This view was supported by experiments in which the 
levels of CaCl 2 added m the presence of isotonic NaCl Mere increased to 
0 275 per cent At this level of CaCl 2 , more pentose nucleoprotem was 
precipitated than at 0 055 per cent, but the precipitation of nucleoprotem 
was still incomplete at the higher level of CaCI 2 The experiments of Huis- 
kamp (3) with thymus nucleohistone showed that this desoxypentose nu- 
cleoprotem was msoluble in the presence of 0 9 per cent NaCl or 0 1 per cent 
CaCl 2 No experiments were conducted with mixtures of the two salts 
No comparison is possible between the present results and those of Huis- 
kamp (3) because in the latter case the precipitation of a desoxypentose 
nucleohistone was studied, while in the former the precipitation of a pen- 
tose nucleoprotem was involved 

Precipitation of Pentose Nucleoproteins from Rat Liver Extracts — The 
possibility that the precipitation of pentose nucleoproteins observed upon 
the addition of CaCI 2 to a rat hver homogenate (Fig 1) might be due to an 
adsorption of the nucleoproteins on the larger formed elements of the cell 
was tested by removing the nuclei and mitochondria from the homogenate 
by centrifugation (6) In a pre limin ary experiment the resulting extract 
was treated with 0 055 per cent CaClj on the basis of the data in Fig 1 
The results of these experiments are presented in Experiment 1, Table I 
The data show that 1 31 mg or 81 per cent of the PNA present in the liver 
extract w as precipitated at this level of CaCl 2 These results are in con- 
trast to the 1 97 mg of PNA (93 per cent) precipitated from the hole hver 
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homogenate from which the extract had been prepared Thus although the 
precipitation of pentose nucleoprotein observed in the homogenate ap- 
parently did not involve adsorption upon the nuclei and mitochondria, the 

Tadle I 

Precipitation of Pentose Nuclcoprotcma from Rat Liver Homogenates Freed of Nuclei 

and Mitochondria 

The results are expressed in terms of 4 0 ml of solution eontaimng 250 mg of fresh 
rat liver or an equivalent amount of a nuclei and mitochondria free liver extract 
Nucleoprotein was precipitated from 5 0 ml of liver extract (equivalent to 167 mg 
of fresh liver) by the addition of CaClj in the concentrations indicated The results 
in Experiments 1 and 2 are the average of two experiments, except as indicated 
Pentose nucleic acid (PNA) and protein were determined in the whole homogenate 
and in the liver extract Protein was estimated in the supernatants from the CaCli 
precipitates and PNA was measured in the precipitates and in the supernatants ob- 
tained after the addition of CaClj as indicated 





PNA 


Experi- 

ment 

No 


CaCli 

concen- 

tration 

In homo 
genate or 
extract 

In CaCIr 

ppt 

In super 
natant 
from 
CaCI, 

ppt 

Protein 



per cent 

ms 

ms 

ms 

ms 

1 

Original liver homogenate 

0 

2 11 



65 4 


CaClj ppt from homogenate 

0 055 


1 97 


38 5* 


Nuclei and mitochondria free 

0 

1 61 



47 0 


liver extract 

CaCl. ppt from liver extract 

0 055 


1 31 


16 1* 

2 

Nuclei and mitochondria free 

0 

1 67 



49 3 


liver extract 

CaClj ppt from liver extract 

0 017 



1 56 

1 2* 






1 46 

1 5* 



liKia 


0 75 


6 8* 



0 Oil 


1 12f 

0 65f 

9 l*t 



0 050 


1 31 

0 44| 

12 6* 



0 066 


1 44 

0 28f 

13 9* 



0 132 


1 45 

0 26f 




0 198 


1 42f 

0 25f 



* These values were obtained by subtracting the protein found in the super- 
natant removed from the CaClj precipitate from the protein found m the nuclei and 
mitochondria free liver extract or in the liver homogenate 
t Single values 

precipitation of nucleoprotein was considerably more effective in the homo- 
genate than m the liver extract To determine whether any differences 
existed between the optimal CaCl 2 concentrations m the extract and the 
homogenate, the precipitation of PNA from the extract was studied at a 
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senes of CaClj concentrations The results are presented in Experiment 2, 
Table I, and shoiv that maximum precipitation of PNA was not reached in 
the case of the extract until the CaCh concentration was 0 066 per cent 
Precipitation of PNA was already maximum m the case of the homogenate 
it 0 033 per cent (Fig 1, 0 4 ml of CaCh) Even at the higher concentra- 
tions of CaCh, the precipitation of PNA was less complete in the extract 
(1 45 mg or 86 per cent at 0 132 per cent CaCh) That the precipitation of 
PNA was indeed mcomplete in the extract and not merely an experimental 
irror was proved by measuring the PNA in the CaCU precipitate as well 
is m the supernatant from the precipitate For example, at 0 066 per cent 
CaClj, 1 44 mg of PNA were found in the CaClj precipitate and 0 28 mg 
tvas found in the supernatant from the precipitate Thus a total of 1 72 
mg of PNA was found m the two fractions This compares favorably with 
the PNA present m the original extract (1 67 mg ) 

Factors without Effect on Precipitation of Rat Liver Nucleoprotems by CaCli 
— The efficiency of the precipitation of nucleoprotems from rat liver homo- 
senates by CaCh was studied at tissue concentrations in the range of 31 2 
to 125 mg of fresh tissue per ml No significant differences in the amounts 
if the nucleoprotems precipitated at the different tissue levels were ob- 
served Since the concentration of the liver extracts used in the experi- 
ments descnbed in the preceding section fell within the range of tissue con- 
lentration studied, it would appear that the tissue concentration w as not a 
Factor m the mcomplete precipitation of nucleoprotems observed in the liver 
extract Other factors which had no influence on the effectiveness of the 
precipitation of rat liver nucleoprotems by CaCl 2 were perfusion of the rat 
liver prior to homogenization and mcubation of the homogenate at 0° for 
periods up to 24 hours prior to the addition of CaCh 

DISCUSSION 

The experiments of Claude (2) demonstrated that a large portion of the 
acid-insoluble phosphorus of the liver cell w as associated with particulate 
matter which could be sedimented from cell extracts by a centrifugal force of 
18,000<7 In our experiments, the addition of CaCl 2 to a rat liver homogen- 
ate produced virtually complete precipitation of the pentose nucleoprotems, 
and the question arises as to whether the CaCl 2 merely acted by agglutinat- 
ing the particulate material of the liver cell sufficiently so that it could be 
sedimented at low speeds The latter view w as supported by experiments 
m which CaCl 2 precipitated a large part (85 per cent) of the pentose nucleo- 
protems of a liver extract containing only particulate material which w ould 
otherwise require high speed centrifugation for sedimentation 

The concentration of CaCl 2 which provided effective precipitation of the 
pentose nucleoprotems of hver homogenates approaches a physiological 
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level Thus the level of calcium ions (expressed as CaCl») in serum is about 
0 027 per cent and the concentration of CaCl 2 which provided effective pre- 
cipitation of the nucleoproteins from a rat hver homogenate was 0 033 per 
cent (Fig 1) These levels of CaCl 2 are considerably less than the 0 1 per 
cent CaClj used by Huiskamp (3) to precipitate thymus nucleohistone and 
the 0 4 per cent CaCU used by Brues, Tracy, and Cohn (1) to precipitate 
the nucleoproteins of rat hver 

The data clearly show (Fig 1 and Table I) that a large part of the protein 
present in the hver homogenate or in the hver extract remains in solution 
after the addition of CaCU Whether CaCl 2 pioduces a precipitate which 
is entirely nucleoprotein m nature is very unceitain It is impossible to 
decide at present whether adsorption of soluble protems occurs during the 
precipitation 1 On the other hand, if the action of calcium ions involves 
agglutination of particulate components of the cell, it would seem unhkely 
that the precipitate is pure, since there is no evidence to indicate whether 
these formed elements contain only one type of nucleoprotein or indeed 
whether the entire protein m the formed elements is associated with nucleic 
acids 

The experiments presented here are intended to serve as a model by 
means of which the precipitation of nucleoproteins by CaCh and other in- 
organic salts can be studied in other tissues, since it is felt that the precupita- 
tion of nucleoproteins will prove of considerable use in problems such as 
fractionation of the soluble proteins of the cell and the punfication of 
enzymes 1 in addition to a study of the nucleoproteins themselves 

' SUMMARY 

1 The precipitation of nucleoproteins from rat hver homogenates and 
from rat liver extracts by CaCl 2 was studied 

2 Maximum precipitation of the pentose nucleoprotems (93 per cent) 
present m lat hver homogenates was reached at a CaCl 2 concentration of 
0 033 per cent 

3 Pentose nucleoprotems w ere incompletely precipitated by 0 033 per 
cent CaCl 2 from rat hver extracts which had been freed of nuclei and mito- 
chondria Maximum precipitation of pentose nucleoproteins (85 per cent) 
from rat hver extracts ivas attained at a level of 0 066 per cent CaCl 2 The 
pentose nucleic acid w'hich had not been precipitated by the CaCl 2 was 
found in the supernatant from the CaCl 2 precipitate 

1 Preliminary experiments in this laboratory (V R Potter, unpublished wort) 
have indicated that as much as 30 to 50 per cent of the malic dehydrogenase of hver 
(a soluble protein) may be present in the CaCl. precipitate from hver homogenates 
No data are as yet available to indicate the proportion of the soluble protein repre- 
sented by the malic dehydrogenase or whether other soluble proteins behave similarly 
to the malic dehydrogenase in the CaClj precipitation 
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4 The desoxypentose nucleoprotems were completely precipitated at all 
levels of CaCh presumably because these proteins i\ ere present m mtact 
nuclei which \\ ere sedimented during the low speed centrifugation used in 
the experiments 

5 Sodium chloride was found to decrease the precipitabihty of the pen- 
tose nucleoprotems by CaClj and the decreased precipitabihty w as related 
to the NaCl concentration 

6 The precipitation of the liver pentose nucleoprotems by CaCh was 
interpreted as an agglutination of particulate matenal in the hver suspen- 
sions 
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CHEMICAL AND ENZYMATIC PROPERTIES OF CRYSTALLINE 
CARBOXYPEPTIDASE 
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North Carolina ) 
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Extensive investigation has been made of the physical, chemical, and 
enzymatic properties of the crystalline extracellular proteinases, pepsin, 
trypsin, and the chymotrypsins (1) Hon ever, despite the existence of the 
elegant specificity studies of Bergmann and coworkers (2-4), physical 
characterization by the newer methods of protein chemistiy is lacking for 
carboxypeptidase, another crystalline proteolytic enzyme of the pancreas, 
first crystallized by Anson (5) Published physicochemical data on crys- 
talline carboxypeptidase are limited to electrophoretic measurements in the 
Theorell apparatus, from which it was concluded that it migrates as an 
anion with constant velocity over the pH range 5 64 to 8 32 (6) No esti- 
mates of molecular u eight or shape apparently have been made 

Smce this peptidase is readily crystallizable (5) and has recently served 
as a useful tool in the structural analysis of biologically active peptides 
(6-9), it appeared desirable to undertake further investigation of its 
physicochemical properties by the methods of electrophoresis, diffusion, 
and viscosity 

It was also deemed of importance to reinvestigate the kinetics of hy- 
drolysis of the historical substrate, chloroacetyl-f-tyrosme, by use of the 
highly purified enzyme The enzymatic homogeneity of carboxypeptidase 
was disputed (10) until its specificity requirements ton ard a variety of sub- 
strates n ere elucidated by Bergmann and con orkers (3) However, as has 
been pointed out m a recent review (11), the literature contains fen data 
on the kinetics of hydrolysis of chloroacetyl-f-tyrosine by the crystalline 
enzyme Although Anson (12) has proposed a method for the estimation 
of the activity of the crystalline enzyme by use of chloroacetyld-tyrosine, 
the procedure involved the use of formaldehyde, later shonn to have a 
strong inhibitory effect (3) 

The present investigation is introductory to a general study of the char- 
acterization and mode of action of mamm alian proteolytic enzymes of 
extracellular and intracellular origin 

* Present address, Loyola University School of Medicine, Chicago, Illinois 
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EXPERIMENTAL 

Crystalline caiboxypeptidase Mas prepared from sliced frozen beef pan- 
creas by the method of Anson (5) Several modifications of this method 
Mere also investigated, including isoelectric precipitation by prolonged 
cialysis and fractional precipitation Mith ammonuim sulfate The details 
of these methods Mill be described below in conjunction Mith electrophor- 
etic analyses and measurements of the kinetics of the hydrolysis of specific 
substrates which Mere simultaneously performed as a guide for esti- 
mating the efficacy of the purification processes 

Kinetic Studies 

Methods of Measurements — Two methods Mere employed m the estima- 
tion of the extent of hydrolysis of substrates the submicro gasometnc 
runhydnn determination of free amino acids in the Van Slyke manometric 
apparatus (13), and the Grassmann and Heyde alcohol microti tration of 
the hberated amino groups (14) 

Because the accuracy of the latter titration has been questioned (15), 
the method u as first tested on solutions of pure amino acids Experience 
indicated the desirability of conducting the titration in a nitrogen atmos- 
phere to exclude absorption of carbon dioxide from the air Accordingly, 
a side arm test tube w as used as the titration vessel and a steady stream of 
nitrogen passed through an 18 gage stainless steel needle extending below 
the surface«of the solution being titrated The nitrogen served both to stir 
the liquid and to exclude carbon dioxide A horizontal capillary burette of 
1 cc capacity, graduated to 0 01 cc , w as employed 

With the aid of this modification, the results obtained fi puie amino 
acids agreed to within ±2 per cent with those given by the mnhydnn 
method and Kjeldahl nitrogen analysis 

In measurements of enzymatic hydrolysis, buffer composif a and pro- 
tein concentrations were chosen so as to minimize the turbidity resulting 
from precipitation on the addition of alcohol Table I indicates the 
agreement found upon following the course of enzymatic hydrolysis of 
carbobenzoxyglycyl-f-phenylalamne 1 simultaneously by both the mnhydnn 
and titration methods 

Substrates containing a free carboxyl group w eie employed in the form 
of their sodium salts at a final concentration of 0 05 miu per cc , except that 
dl mixtures w ere made up to a final concentration of 0 10 mu per cc 

Tests indicated that enzyme action w as stopped on the addition of ab- 
solute alcohol m the titration method and by the addition of the sample to 

1 We are indebted to Dr A A Plentl, Cornell University Medical College, New 
York, for a generous gift of this compound 
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boiling buffer, pH 2 5, in the mnhydnn method Enzyme blanks and tests 
for the lability of the substrate w ere performed Temperature of incuba- 
tion was maintained by a water bath equipped with a suitable shaking 
device 

The buffer composition w as 0 02 m phosphate 0 05 m LiCl, pH 7 65, in all 
cases unless otherwise stated An exception is the hydrolysis of carbobenz- 
oxyglycyl-Z-phenylalamne at 25°, for w hich a 0 033 m phosphate buffer, pH 
7 5, w as employed to aid in comparison w ith the w'ork of Hofmann and 
Bergmann (3) All pH values w ere measured with the glass electrode 


Table I 


Hydrolysis of Carbobenzoxyglycyl l phenylalanine by Crystalline Carboxypeptidase 

at 25° 


Time 

Hydrolysis* 

K — velocity constant! 

C >= proteolytic coefficient! 

Titration | 

Ninhydrin 

Titration 

Ninhydrin 

Titration | 

Ninhydrin 

min 


Per cent 

/0"* mm “» 

KT 1 mm -1 



10 


7 

4 8 

3 3 

■ ■ 

8 5 

26 

22 

21 

4 2 

4 0 

■if: 

10 4 

GO 

39 

42 

*3 6 

4 0 


10 3 

go 

48 


3 1 


8 1 


120 

60 

64 

34 

3 6 

8 7 

9 3 

Average 

9 8 

9 6 


Carboxypeptidase, five times crystallized, pH 7 5, 0 033 m phosphate buffer 
* Estimated in 0 2 cc samples 


t K = log,, 

mm 


100 

100 — % hydrolysis 



K 

mg protein N percc test solution 


K 

0 000388 


Determination of Proteolytic Coefficients — Enzymatic activity w as deter- 
mined by following the kinetics of hydrolysis of several substrates In 
keeping with accepted procedures (4) the results are expressed m terms of 
the proteolytic coefficient, C, defined as the first order reaction constant, K, 
divided by the enzyme concentration m mg of protein N per cc of test 
solution {K/c) To aid comparison w ith the crystalline carbo ypeptidase 
used by Bergmann et al (3, 4) carbobenzoxyglycyl-Z-phenylalamne (CGlyP) 
was employed as the substrate of choice 1 

The results given in Table I are comparable to those obtained by Berg- 
mann et al (3, 4), the proteolytic coefficient of about 9 6 being w ell w ithin 
the range reported by these authors (8 6 to 12) No account w as taken of 
possible inactivation of the enzyme upon storage in the cold 
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In contrast to the kinetics of hydrolysis of CGlyP (Table I), the data of 
Tables II and III indicate that the hydrolysis of chloroacetyl derivatives 
does not follow the equation for a first order reaction (c/ also (3)) Nor do 
the data fit the equations for second older of reversible reactions Since 
satisfactory rate constants \v ere not obtained, it was not possible to calculate 
proteolytic coefficients m the usual mannei 

However, it was found that by use of an empincal correction of the first 
order equation constants were obtained which enabled comparison of the 


Table II 

Hydrolysis * of Chloroacetyl l tyrosine by Twice Crystallised Carboxypeplidase at 40“ 

and pH 7 7 


Time 

Hydrolysis 

i 

i' 

Time 

Hydrolysis 

A 

V 

Experiment 1 

7 11 X 10"' mg protein N per cc 

Experiment 2 

3 63 X 10"* mg protein N per cc 

mm 

per cent 

10** min -1 

I0~ l mm “l 

mm 

per cent 

10** Bin** 

10~i mm “ l 


ii 

11 6 

15 0 

10 

7 

7 0 

9 1 

15 5 

17 

11 8 

16 8 

20 

12 

6 6 

10 3 

22 5 

18 

8 9 

14 3 

32 

14 

4 7 

8 9 

35 5 

22 

7 1 

13 7 

51 

18 

3 7 

9 0 

52 0 

25 

6 5 

13 1 

70 

19 

3 1 

8 9 

59 5f 

28 

5 4 

13 7 

95 

21 

2 5 

8 8 


28 

5 2 

13 6 

137 

21 

1 8 

8 1 

Experiment 3 

13 7 X 10"' mg protein N per cc 

Experiment 4 

1 83 X 10*' mg protein N per cc 

6 5 

15 

25 2 

29 7 

16 

7 

4 7 

6 9 

13 0 

24 

21 3 

28 6 

27 5 

8 

3 1 

5 4 

18 0 

28 

18 0 

26 3 

51 

11 

2 2 

5 3 

25 0 

32 5tt 

35 

17 3 

27 9 

92 

145 f 

12 

1 4 

5 1 


, 23 , 100 ,, , , , 

A, = — log™ — o7~c — i — j , A. => A. + AjZ 

t 100 — % hydrolysis’ 

* Measured in 0 2 cc samples by alcohol titration 
t Tyrosine crystallization 
t No additional hydrolysis observed 

rates of hydrolysis of both chloroacetyl-Z-tyrosine (ClAcT) and chloroacetyl- 
Z-phenylalanme (ClAcP) under different conditions of enzyme concentra-' 
tion and activity The equation used was k' = k + k 2 x, where k is the 
specific reaction rate calculated from the first order equation, 2 fo is the em- 
pirical correction factor, equal to 30 X 10 -3 , and x is the fraction 

1 It is to be noted that natural logarithms were used for these calculations (Tables 
II and III), in accordance with theory, whereas, in calculations of rate constants 
( K ) of the hydrolysis of carbobenzoxy derivatives, logjo values were used This 
was done to aid in the comparison with the values of Bergmann el al (3, 4) 
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hydrolyzed Typical data are presented in Tables II and III for measure- 
ments at 40° and 28° All samples of purified carboxypeptidase were found 
to obey the above equation Inconclusive results were obtained with the 
crude pancreatic exudate 

In the 4-fold range of concentration (3 6 to 13 7 X 10~ 3 mg of protein 
N per cc ) which was found convement both with regard to time and degree 
of hydrolysis of ClAcT by twice crystallized carboxypeptidase, k' was ap- 
proximately proportional to enzyme concentration Hence, the activity 
of the enzyme toward this substrate, as well as toward ClAcP (c/ Table 
III), could be indicated by modified proteolytic coefficients, 2 k'/c 


Table III 

Hydrolysis* of Chloroacelyl l phenylalanine by Seven Times Crystallized Carboxy 
peptidase f at 28° and pH 7 7 


Time 

Hydrolysis 

ft 

V 

Time 

Hydrolysis 

k 

k 

Experiment I 

3 9 X 10"* mg protein N per cc 

Experiment 2 

11 4 X 10"* mg protein N per cc 

mm 

per cent 

10 "* mm ~ l 

10-* min -» 

mm 

per cent 

10"* mm 

10-* mm -1 

10 

12 

13 2 

16 9 

5 

15 

37 5 

41 9 

20 

20 

11 1 

17 1 

10 

24 

27 3 

34 5 

30 

19 

7 0 

12 7 

20 

37 

23 0 

34 1 

45 

28 

7 2 

15 5 

30 

47 

21 2 

35 2 

60 

37 

7 6 

18 6 

45 

54 

17 4 

33 7 

90 

37 

5 1 

16 2 

60 

69 

19 5 

40 2 

120 

40 

4 2 

16 2 






* Measured in 0 2 co samples by the mnhydrm method 

t K/c on CGlyP => 10 3, k'/c on ClAcT = 31 This enzyme preparation had been 
stored in the ice box for 2 months 


Purification of Carboxypeptidase 

Crystalline carboxypeptidase was prepared from sliced frozen beef pan- 
creas by the method of Anson (5) Recrystalhzation by this method in- 
volves prolonged suspension of the crystals in dilute alkali AVhile a highly 
active product was obtained, considerable loss of material was incurred, 
owing to the limited solubility of the crystals, even at pH 10 The form of 
crystals obtained after five crystallizations by this method is shown in Fig 
1 (upper shde) 

Alternative procedures m which exposure to alkah was avoided tv ere 
explored and it was found that recrystalhzation could be achieved by dis- 
solving the crystals in 5 per cent LiCl and dialyzing the solution against dis- 
tilled water in the cold The habit of these crystals sometimes differed 
from that of those obtained by Anson’s method, the former being of the 
large tabular type, as shown in the center shde of Fig 1 This procedure is 
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more successful w hen Applied to material previously crystallized rather than 
to the crude euglobulm precipitate 

Fractional pi capitation of the proteins of the pancreatic exudate with 
ammonium sulfate iv as also explored The fraction precipitated in the cold 
by 0 4 saturated ammonium sulfate at pH 5 8 contained one-third of the 
total protein and had a pioteolytic coefficient toward ClAcT of 1 3 as 
compaied to about 0 7 for the whole exudate However, two additional 
precipitations undei the same conditions neither yielded a crystalline prep- 





\\ 


Fig 1 Photomicrographs of crystalline forms of carboxypeptidase Upper 
elide, five times crystallized by Anson’s method , middle slide, the same, recrystallized 
by prolonged dialysis, lower slide, crystals having half the maximum activity of pure 
carboxypeptidase, obtained by salt precipitation followed by dialysis against 2 per 
cent NaCl All enlargements 100 X 

aration nor increased enzymatic activity Since an aliquot of the same 
exudate readily yielded crystalline carboxypeptidase when purified by 
Anson’s method, it was concluded that fractional preapitation with am- 
monium sulfate was not suitable 

However, when a suspension of the precipitate obtained after three pre- 
cipitations by 0 4 saturated ammonium sulfate was adjusted to pH 5 0 
and dialyzed m the cold against 2 per cent NaCl, a heavy crystalline pre- 
cipitate, consisting of long prisms, appeared after standing for 1 week 
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(lower slide, Fig 1) The crystals w ere essentially insoluble in distilled 
water but could readily be dissolved in the buffer used for activity measure- 
ments Qualitatively, this protein was enzymatically active toward ClAcT 
and toward CGlyP, the proteolytic coefficient toward the latter substrate 
being about 5 The unusual behavior of this crystalline material in elec- 
trophoresis is described below 

Electrophoretic and Enzymatic Analayses — The progress of purification 
was followed by electrophoresis and by determination of the proteolytic co- 
efficients tow ard ClAcT and CGlyP Electrophoresis w as earned out in 

Table IV 


Electrophoretic Study of Progress of Purification of Carboxypephdase 


Exper 

intent 

No 

Material 

pH 

Mobility f 10 - * sq an 
sec 

volt -1 

Per cent ireat 

Com 

ponent 

1 

Com 

ponent 

2 

Com 

ponent 

3 

Com 

ponent 

4 

Com 

ponent 

1 

Com 

ponent 

2 

Com 

ponent 

3 

Com 

ponent 

4 

i 

Pancreatic exudate 

7 65 

? 

-2 06 

-5 42 

-13 1 

14 8 

28 4 

24 4 

32 4 

2 

Euglobulin ppt 

7 68 

? 

-2 10 

-5 38 

-13 1 


46 6 

14 7 

28 0 

3 

3 times crystallized 

7 68 

-I 4 




(15) 

85 



4 

5 “ “ 

7 62 

-1 5 




Insufficient separation 

5 

It (C 

E151 


-1 76 

-4 86 



93 7 (6 3)5 

e 

Crystals from salt 

7 70 


EE] 

-5 29 





pptn 






button 



7 

Crystals from salt 

8 50 


-1 67 

-4 88 


Anomalous distn 



pptn 






bution 




The figures in parentheses indicate approximate values 

* Buffer composition, 0 04 M phosphate-0 1 n LiCl, ionic strength approximately 
0 2, except for Experiments 5 and 7 which were done at pH 8 50, in 0 1 n Na veronal- 
0 1 N LiCl buffer, ionic strength of 0 2 

t Calculated from the descending pattern 

t Measured from the ascending pattern for Experiments 1 and 2 because of better 
resolution, all others from the descending pattern 

§ Two section cell used, no separation observed on ascending side 

the Tiselius apparatus, as previously desenbed (16), further experimental 
details are given in Tables IV and V The electrophoretic patterns ob- 
tained in Experiments 1 to 12 (Tables IV and V) are shown in Fig 2 
The clarified pancreatic exudate contains four electrophoretic compo- 
nents, 5 designated in Table IV m order of increasing mobility at pH 7 65 
as Components 1, 2, 3, and 4 It is interesting to note that this exudate 
contained about 1 per cent protein, of which some 28 per cent consisted of 
Component 2, which was subsequently identified as carboxypeptidase on 
the basis of mobility and activity Relatively httle purification was ac- 

5 On the descending (right hand) side, Component 1 was not resolved 
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complishecl by cuglobulm precipitation (compare Experiments 1 and 2),' 
though it enabled concentration of the protein How ever, crystallization 
is accompanied by the removal of the faster moving Components 3 and 4 
(Expenment 3), although the skewness of the boundary of Component 2, 
lemaming even after five crystallizations (Expenment 4), is indicative of 
the piesence of a small proportion of the slow est moving component The 
matenal obtained aftei seven crystallizations when studied at pH 8 5 ap- 
pears to be electrophoietically homogeneous (Experiment 5) except for a 


Tadls V 

Electrophoretic Mobility * at 1° of Crystalline Carboxypcplidase in Monoialent Buffer 

Solutions of 0 S Ionic Strength 


Expert 

meat 

No 

pHt 

BulTcrt 

Time 

Field 

strength 

Mobility^ 

Remarks 




see 

volts per 
cm 

J0-* i q cm 
colti see -> 


8 

9 30 

0 15 n NaOII 0 1 n 

14,100 

2 50 

-1 69 

Increased fast com- 



glycine-0 185 n 

LiCl 




ponent 

9 

8 51 

0 02 n HV 0 1 n 

14, 100 

2 86 

-1 SO 

Fast component 



NaVOl n LiCl 




comprises 6% 

10 

0 00 

0 004 n HCac 0 02 

28,800 

2 66 

-0 52 

Apparently homo 



N NaCac 0 18 n 
LiCl 




geneous 

1111 

5 95 

0 02 n HCac-0 02 

14,400 

2 61 

0 

Isoelectric point 



n NaCac 0 18 n 
LiCl 

25,800 




12 

5 40 

0 02 n NaAc 0 18 n 

25,200 

2 43 

+0 52 

Apparently homo- 



LiCl 




geneous 


* Data calculated from the descending pattern only 

f All pH values were determined at 25° No correction was made to 0° except 
for the glycine sodium hydroxide buffer (pH 8 SO at 25°) , the pH value of which was 
determined from the data of Sorensen (17) extrapolated to 1° 
t V denotes diethyl barbiturate, Cac, cacodylate, Ac, acetate 
§ Major component only 

|| Lower boundary 14,400 seconds, upper boundary 25,S00 seconds (see Fig 2) 

trace of a fastei moving component observable only on the descending side 
No attempt has yet been made to identify the nature of the other electro- 
phoretic components seen m the pancreatic exudate 
In analogy with electrophoretic data, determinations of protelytic co- 
efficients reveal httle purification xvhen the euglobuhn precipitate is com- 
pared to the clarified pancreatic exudate (Table VT) However, crystal- 
lization achieves a significant increase in activity, maximum values of the 
proteolytic coefficients for both substrates, ClAcT and CGlyP, being ob- 
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tamed after five crystallisations Qualitative correlation between the in- 
crease in electrophoretic homogeneity upon purification and increase in the 
proteolytic coefficient toward ClAcT is observed 



Fio 2 Electrophoretic patterns of crude and crystallized carboxypeptidase 
preparations For the conditions of Experiments 1 to 7 see Table XV, and of Experi- 
ments 8 to 12, Table V The arrows denote the direction of migration, right, de 
scending, left, ascending boundary The sharp initial boundary in all cases indicates 
the starting point 

The electrophoretic properties of solutions of the crystals obtained after 
fractional precipitation with ammonium sulfate (shown in Fig 1, lower 
slide), are given m Experiments 6 and 7 (Table IV and Fig 2) At both 
pH values studied, two distinct components were observed Inspection 
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reveals that the ascending and descending patterns are anomalous with re- 
spect both to component distribution and distance of migration from the 
origin, a phenomenon indicative of component interaction (18) Never- 
theless, the slower mo vi ng boundary on the descending side may be identical 
with carbovypeptulase, sinco its mobility at two different pH values (7 7 
and 8 5) agrees with that of the major component of the several tunes 
crystallized enzyme (compare Experiments 4 and 6 and Experiments 5 and 
7) It is probable that the faster component m Experiment 6 is identical 
with Component 3 of the clarified exudate and the residual component in 
the seven times crystallized material (Experiment 5) 

Taucc VI 


Change m Enzymatic Activity on Purification of Carboxypcptidase 


Material 

Proteolytic coefficients 

— - (ClAcT)* 

4 (CGlyP)f 

Pancreatic oxudato 

0 7 


Euglobuhn ppt 

0 0 


Once crystallized 

1 8 


Twice 

2 1 


3 times crystallized 

2 9 

' 

4 11 “ 

3 8 


5 “ “ 

3 8 

9 8 

7 <1 K 

3 1 

10 3 

8 “ “ 


11 1 


For definition of k'/c and K/c see the text 
* Titration method, incubation at 40°, pH 7 7 
f Ninhydnn method, incubation at 25°, pH 7 5 


Physicochemical Properties of Purified. Carboxy peptidase 

Electrophoretic Homogeneity, Mobility, and Isoelectric Point — The electro- 
phoretic mobility was determined in monovalent buffers of 0 2 ionic strength 
over the pH range 9 3 to 5 4 Inspection of the data (Experiments 8 to 12, 
Table V and Fig 2) reveals a single component of very low mobihty below 
pH 8 5, whereas, at higher pH ranges, a minor, faster movmg component 
is apparent At pH 9 3, the proportion of faster movmg component is 20 
per cent of the seven times crystallized enzyme preparation (Experiment 
8), while the same preparation at pH 8 5 (Experiment 5, Table IV and 
Fig 2) reveals only 6 per cent of a fast component (on the descendmg side 
only) In the five times crystallized material at pH 8 5 (Experiment 9) 
the fast moving component is apparent on both sides and likewise comprises 
6 per cent 
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The results of electrophoretic mobihty measurements over the pH range 
studied are plotted m Fig 3 The shape of the pH-mobihty curve is similar 
to that of other globulins, the enzyme being isoelectric near pH 6 0 This 
is further confirmed by the negligible mobihty observable 1 in Experiment 
11 In monovalent buffers, the enzyme seems to be least soluble at pH 6, 
as witnessed by the diminished area of the electrophoretic pattern (Fig 2) 4 
The slope of the pH-mobihty curve at the isoelectric point, SU/BpK, is 0 86 
X 1(F 5 The activity of the enzyme solutions removed from the Tisehus 
cell, when measured on CGlyP at pH 7 5, was found to decrease with de- 
creasing pH Though it has been reported that crystalline carboxypepti- 



ph 

Fig 3 The electrophoretic mobihty pH curve of crystalline carboxypeptidase 
in monovalent buffers of 0 2 ionic strength X indicates the mobility of several 
preparations of carboxypeptidase in polyvalent buffer used for activity measure 
menta (ionic strength, 0 2) 

dase is inactivated at pH 5 0 and below (5, 6), about 40 per cent of the maxi- 
mum activity tow ard CGlyP was still observable at pH 5 4 

Diffusion and Viscosity — Diffusion measurements w ere earned out at 25° 
with the refractometnc scale apparatus and technique already described 
(19) The results of measurements made at tw o different enzyme concen- 
trations are given in Table VII Agreement among the values obtained by 
different methods of calculation w as as expected for a monodisperse solu- 
tion The maximum ordinate calculated from the normalized curve de- 
viated less than 1 per cent from the ideal value Also, no shift could be 

4 In these experiments the enzyme nas dissolved at maximum concentrations 
obtainable at 1° m the buffers used Electrolj sis n as extended over a 7 hour period 
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Table VII 

Diffusion Constant* of Crystalline Carboxypeptidase 


D i 



Average 

D' 


0 43 %t 


Average 

D' 


Time 

D, 

stc 

20,760 

38,280 

95,880 

nr’ 

(10 07) 

9 59 

9 56 

r 

\ 

37,800 

78,300 

9 69 

9 58 



Di 

Di 

nr’ 

(10 35) 

9 55 

9 34 

nr’ 

(10 51) 

9 73 

9 42 




9 41 ± 0 4 


9 49 ± 0 21 X 10 7 aq cm sec 1 
9 94 X 10 -7 aq cm see -1 


The figures in parentheses indicate early time values not considered in averaging 
the data (19, 20) 

* D denotes the diffusion constant at 25° in sq cm per second , Di, D~, D j, D», and 
Ds refer, respectively, to the diffusion constant calculated by the maximum height, 
maximum height area (unsquared), maximum height area (squared), standard 
deviation, and successive analysis methods (19, 20) D' is the average diffusion 
constant corrected for solvent viscosity 

t Buffer composition, 0 04 u phosphate-0 4 n NaCl, pH 7 5 
t Buffer composition, 0 04 m phosphate-0 1 N LiCl, pH 7 65 



PER CENT PROTEIN 

Fig 4 Relative viscosity of eight times crystallized carboxypeptidase plotted 
against the protein concentration in weight per cent 

detected m values obtained along the curve by the method of successive 
analysis These criteria indicate molecular homogeneity within the limits 
of the resolution of the method (19) 
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Viscosities were measured in capillary viscometers at 25°, as already 
described (21) The solvent v. as a 0 04 m phosphate-0 4 n NaCl buffer, pH 
7 5 The linear relation of relative viscosity to protein concentration (m 
\\ eight per cent) is shown m Fig 4 

Table VIII 


Hydrolysis of Synlhelic Substrates by Crystalline Carboxypeptidase 


Substrate 

Caxboxy 

peptidase! 

pH 

Temper- 

ature 

Time 

Hydrolysis 

K 

c 


mi N per u 


C 

nun 

per uni 


Carbobenzoxyglycyl - I - 

0 00039 

7 5 

25 

25 

21 



phenylalanine (see Table 

I) 




60 

39 

10 


9 6 

Chloroacetyl - l tyrosine 

0 0039 

7 7 

40 

10 



(see also Table II for 




20 

13 



twice crystallized enzyme 
preparation) 




30 

15j 



Chloroacetyl - l phenyl 

0 0039 

7 7 

28 

10 

12 



alanine (see Table III) 




20 

20 







60 

37 



Acetyl dl - tryptophane 

0 083 

7 7 

37 

16 

8 5 






23 







45 

13 5 






72 

14 4 






105 

17 9 


Formyl l phenylalanine 

0 119 

7 5 

25 

31 








60 

33 7 






120 

51 6 






Ar» 




Carbobenzoxyglycyl- 

0 119 

7 5 

25 

12 

9 2 



glycine! 




24 

12 1 


0 00035 





48 

24 0 






72 

36 8 



Benzoyl l argimnamide 

0 083 

7 7 

40 

30 

o 



Acetylglycine 

0 229 

7 7 

37 

24 




dl Leucylglycine 

0 229 

7 7 

37 

42 





* Hydrolysis was followed by the ninhydrin method except for measurements 
of ehloroacetyl f tyrosine, acetyl dl tryptophane, and benzoyl l argimnamide, for 
which the titration method was used Substrate concentration 0 05 n in all 
cases Unless otherwise indicated in this paper, the Bubstrates were either prepared 
in this laboratory or received from members of the Department 
f Five or seven times recrystallized 
§ Received through the courtesy of Dr J S Fruton 

Molecular Constants — Apparent molecular shapes, hydration being neg- 
lected, b/a, and assuming 30 per cent hydration, ( b/a)h , were calculated 
from the limiting slope of the viscosity curve by graphical solution of the 
Simha equation (21) The values obtained, assuming prolate ellipsoids, 
were b/a 3 6, and ( b/a)h 2 1 where b/a is the ratio of major to minor axis 
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The dissymmetry constant of the unhydrated molecule, /// 0 , was accord- 
ingly 1 16 These data indicate that, m comparison to many other 
proteins, carboxypeptidase has a remarkably low degree of molecular 
dissymmetry 

The molecular weight calculated from the dissymmetry constant, from 
the diffusion constant, and an assumed partial specific volume of 0 75 (19), 
is 31,600 

Enzymatic Specificity of Purified Carboxypeptidase 

The objects of these kinetic measurements were to determine the speci- 
ficity of the physically characterized enzyme preparation toward established 
substrates for this enzyme as well as toward other substrates not pre- 
viously tested Tests on typical substrates f or other extracellular proteoly- 
tic enzymes (c g , benzoyl-i-argimnamide 5 for trypsin, and dMeucylglycine 
for dipeptidase (4, 22)) w ere also made as a check for the enzymatic purity 
of the present preparations Representative results are given in Table 
VIII The results foi the rate of hydrolysis of CGlyP, ClAcT, and ClAcP 
have already been given in detail and are presented in brief in Table VIII 
merely to aid in the comparison with those of the other substrates included 
in this table It should be noted that the value of k'/c — 3 8 for the hy- 
drolysis of ClAcT by five times crystallized carboxypeptidase represents the 
increased activity of the enzyme upon purification, for twice crystalbzed 
carboxypeptidase yielded a value of only 2 0 to 2 45 ( cf Table II) 

DISCUSSION 

The electrophoretic behavior of carboxypeptidase is consonant with its 
properties of a typical euglobuhn The low slope of the pH-mobihty curve 
in the region near the isoelectric point is consistent with the limited solu- 
bility of the enzyme in dilute salt solutions, and the observed isoelectric 
point, pH 6 0, is within the range of precipitation of the enzyme in salt-free 
solutions (pH 4 5 to 7) The mobility data obtained in this work with the 
Tiselius electrophoresis apparatus differ from early results obtained wuth 
the Theorell apparatus (6) Likewise, the isoelectric point determined from 
the pH-mobility curve differs from the value, pH 4 4, obtained by the micro- 
electrophoretic method on a supension of crystals (23) 

Isoelectnc precipitation, either by pH adjustment of a suspension of 
crystals, proposed by Anson (5), or by dialysis of a neutral salt solution of 
the enzyme, proved suitable for purification, different forms of crystals 
being obtained, however On the other hand, fractional precipitation of 
the piotems of the pancreatic exudate wuth ammonium sulfate failed to 

6 Obtained from Dr J P Greenstein, National Cancer Institute, Bethesda, Mary- 
land 
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yield satisfactory purification of the enzyme One crystalline fraction 
obtained after salt fractionation exhibited only one-half of the maximum 
enzymatic activity of purified carboxypeptidase and contained a large 
amount of another electrophoretic component 

No attempt has yet been made to identify the other electrophoretic 
components of pancreatic exudate Presumably, they correspond to the 
several enzymatic constituents of pancreatic juice, i e trypsin, chymo- 
trypsin, etc , or their respective inactive precursors It is of mterest that 
in a recent study Munro and Thomas (24) reported the presence of four 
to six enzymatically unidentified electrophoretic components in stimulated 
camne pancreatic juice, the number depending on the buffer used and on 
individual variations 

Despite the apparent lack of electrophoretic homogeneity at certain 
pH values, crystalline carboxypeptidase appears to be molecularly homo- 
geneous as shown by an analysis of the diffusion curves How ever, since 
the reported molecular weights of other proteolytic enzymes of pancreatic 
ongin are of the same magmtude (1), this may not be a critical test The 
invalidity of crystallinity as a criterion of enzyme punty is indicated both 
by increasing activity on repeated crystallization and by electrophoretic 
mhomogeneity 6 

First order kinetics for the hydrolysis of peptide derivatives by carboxy- 
peptidase have not been found in this work or reported in the more extended 
studies of Bergmann and coauthors (2-4) for other than carbobenzoxy 
derivatives How ever, empirical corrections of the first order specific re- 
action rates of the hydrolysis of ClAcT and ClAcP enable the calculation 
of modified proteolytic coefficients for these substrates which are approxi- 
mately proportional to enzyme concentration Although it remains to 
be unequivocally established that inhibition is exclusively due to the 
chloroacetate ion, suggestive evidence is provided by (1) the dependence 
of the degree of inhibition on the amount of substrate hydrolyzed, at all 
enzyme concentrations tested, and (2) the identical correction factors, 
1 1 = 30 X 10~*, for both chloroacetyl derivatives Moreover, the data 
of Hofmann and Bergmann (3) for the inhibition of the hydrolysis of 
carbobenzoxyglycyl-f-phenylanaline by chloroacetate fit the present em- 
pirical equation when recalculated on a common numerical basis - Since 
the same correction factor applies when rates of hydrolysis are measured 
at 37° and 28°, a contributory influence of enzyme inactivation on m- 

* Although the electrophoretic impurity observed in the alkaline pH range may be 
ascribed to the result of alkali denaturation, it should be remembered that crystalline 
horse serum albumin shows a similar behavior, t e , is electrophoretically homoge 
neous over a wide pH range but gives anomalous boundaries in another region which, 
however, is well within the pH stability range of the protein (25) 
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hibition may be discounted It is noteworthy that within the errors 
inherent in the use of the modified proteolytic coefficient, k'/c, the values 
for ClAcP and ClAcT are the same This is in agreement with the findings 
of Bergmann and Fruton (4) who have shown that for a senes of carbo- 
benzoxy derivatives of phenylalanine- and tryrosine-contaimng substrates 
the quotient of the proteolytic coefficients was constant, x e , 1 6 to 1 8 

Neither the hydrolysis of acetyl-dZ-tryptophane nor of formyl-Z-phenyl- 
alamne follows a first order law The proteolytic coefficient, K/c, toward 
carbobenzoxyglycylglycine 7 obtained m this work is comparable to that 
calculated from the data of Hofmann and Bergmann (3) , i e , 3 5 X 10 -4 
as compared to 2 1 X 10~ 4 No activity was found toward benzoyU- 
argimnamide, dMeucylglycine (4, 22), or acetylglycine 

This W'ork w r as supported by grants from the Rockefeller Foundation, 
the Lederle Laboratories, Inc , and the Duke University Research Council 

SUMMARY 

The preparation of crystalline carboxypeptidase from bovine pancreas 
by the methods of isoelectric precipitation and fractional precipitation 
with ammonium sulfate has been studied, and the course of purification 
followed by electrophoretic and enzymatic analysis After repeated 
crystallization, the enzyme showed nearly constant activity toward several 
substrates, was apparently molecularly homogeneous in diffusion, and 
apparently homogeneous m electrophoresis between pH 5 4 and 6 6 
However, at pH 8 5 and higher a minor component appeared, the nature 
of which is undetermined 

The molecular constants of eight times crystallized carboxypeptidase 
have been determined by the methods of viscosity, diffusion, and electro- 
phoresis The molecular weight is about 32,000, the enzyme molecule 
having a low degree of dissymmetry The isoelectric point determined 
from the pH-mobihty curve w r as about pH 6 0 

The activity of the purified enzyme toward a number of substrates has 
been investigated The kinetics of the hydrolysis of chloroacetyl-Z- 
tyrosme and chloroacetyl-Z-phenylalanme have been studied, and an 
empirical equation enabling the calculation of proteolytic coefficients 
has been presented 
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THE BIOLOGICAL UTILIZATION OF GLYCINE FOR THE 
SYNTHESIS OF THE PROTOPORPHYRIN OF 
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Structural considerations and experimental findings (1-3) suggest that 
at least two orgamc precursors &re mvolved m the biological synthesis of 
the protoporphyrin of hemoglobin An obvious nitrogenous precursor may 
be an ammo acid but this need not be one having a cychc structure In 
fact, from theoretical considerations there are many objections to the postu- 
lation of biological incorporation of some preformed ring into the porphynn 
structure 

Evidence has been obtained m this laboratory that the nitrogenous pre- 
cursor of the protoporphyrin of hemoglobin of the human erythrocyte is 
glycme (1, 2) As a further study of this subject in man would be expen- 
sive, we have used the rat for an investigation of the utilization of isotopic 
glycme, glutamic acid, prohne, leucme, and ammonia for the synthesis of 
heme Prohne and glutamic acid were selected since it has often been sug- 
gested, because of the similarity of their structures to that of the pyrroles, 
that prohne and the anhydride of glutamic acid, pyrrohdonecarboxyhc 
acid, may be precursors of the protoporphyrins (4) Leucme was chosen 
as a representative a-ammo acid whose intact carbon cham is unlikely to 
be used for pyrrole synthesis Ammonia was chosen in order to test the 
non specific utilization of nitrogen liberated by deamination of ammo acids 

In order to compare the utilization of these compounds for porphynn 
synthesis, they were labeled with isotopic nitrogen and fed individually to 
rats on a protein-free diet Glycme and ammonia, as ammonium citrate, 
" ere fed to rats at a level of 1 33 mil per 100 gm of body a eight per day 
over a penod of 3 days In the case of the racemic ammo acids twice the 
amount was administered over a penod of 3 days, 2 66 mil per 100 gm of 
body weight per day The animals a ere given a protem-free diet m order 
to avoid dilutions of varying magnitudes of the test substance which would 
be caused by ammo acids of dietary pi otems The hemin was isolated 2 
weeks after the feedmg of the isotopic test substances, for it had previously 
been found m a human expenment that at this time the N 15 concentration 
of the porphynn was near to its maximum value (2) The isotope concen- 
trations m the compounds fed and m the hemm isolated are given in Col- 
umns 2 and 3 of Table I 
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Since the N 16 concentrations of the test compounds were different, the 
isotopic values obtained m the hemin preparations were calculated on the 
basis that the compound fed contained 100 per cent N 16 This is done to 
facilitate the comparison of the utilization of the diffeient compounds for 
porphyrin formation (see Column 4, Table I) These results clearly demon- 
strate that glycine is by far the most effective source of mtrogen for the 
synthesis of heme The values given for dWeucine and di-proline are not 
actually on a comparable basis to those for glycine or ammonia In the 
case of these (K-ammo acids an equal amount of the labeled d isomer was 
given along with the l isomer It is known that a large part of the nitrogen 


Table I 


Comparison of N la Concentration in Hemin after Feeding Isotopic Compounds 


Compound fed 

Hemin N‘* 
concentration 

(3) 

Henun N u 
concentration* 

(4) 

Compound 

N u concentration 
(2) 


atom per cent excess 

atom per cent excess 

atom per cent excess 

Glycine 

11 6 

0 108 

0 93 

“ 

19 0 

0 169 

0 89 

Ammonium citrate 

13 0 

0 012 

0 09 

df-Glutamic acid 

18 6 

0 032 

0 17 

cW-Proline 

11 6 

0 031 

0 27 t (0 18) 

it 

11 6 

0 028 

0 24f (0 15) 

dl- Leucine 

! 32 7 

0 051 

0 16t (0 07) 


* Calculated on the baaia that the compound fed contained 100 per cent N ls , 

N 15 concentration m hemin (Column 3) 

— - . - rr X 10 0 = Column 4 

N 16 concentration of compound fed (Column 2) 

f To correct for the d isomers 0 09 per cent should be subtracted from these values 
Correoted values would be 0 18, 0 15, and 0 07 per cent respectively See the text for 
explanation 


of these unnatural isomers is liberated, probably in the form of ammonia 
In these cases we were thus feeding not only the labeled f-amino acid but 
also, in potential form, an equivalent amount of labeled ammonia To 
bring the values of these compounds to a comparable basis with ammonia 
and glycine one should subtract 0 09 atom per cent excess N 16 , the isotope 
concentration found in the hemin after the feeding of ammonia, from the 
values given m Column 4 The corrected isotope concentration m the 
hemin is therefore only 0 18 and 0 15 per cent for the two prohne feedings 
and 0 07 per cent for the leucme feeding These considerations do not 
apply to the experiment m which dl-glutamic acid was administered, for it 
is known that d-glutamic acid is not metabolized, but largely excreted (5) 
The isotope concentrations found m the porphyrin after the feeding of 
a mm onia, glutamic acid, proline, and leucine are therefore not significantly 
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different from each other and about one-thirteenth to one-fifth of that found 
after the feeding of glycine The isotope concentration found m the hemin 
after the feeding of these compounds represents values one would expect to 
find after the feeding of a non-specific source of isotopic mtrogen which 
would only enrich the N 16 concentration of the body mtrogen from which 
the precursor of heme is synthesized The slightly higher values found 
after the feeding of prohne and glutamic acid may be the result of a more 
direct utilization of the l isomers of these two acids for the formation of 
glycme than of leucme or ammonia An indication of this difference has 
been obtained (6) 

R CH, 

I I 

C = C 

I I 

H— C H— C— CO OH <=* 

X / 

N 

Enol of p ketoaldehyde + glycme 

R CH, 

I I 

C C 

II II 

H— C C—COOH 

\ / 

N 

I 

H 

The results indicate that the nitrogen of glycme is directly employed for 
the synthesis of the protoporphyrin of hemoglobin, v>hile the nitrogen of the 
other compounds is used indirectly, presumably by way of glycme While 
the above findings prove that the mtrogen of glycme is utilized for the syn- 
thesis of a porphyrin, there seems little doubt that this conversion involves 
the a -carbon atom of glycme and the carboxyl carbon as well 
As glycme contains but 2 carbon atoms, other compounds probably par- 
ticipate with it to form the pyrrole nng It has previously been shown that 
the feedmg of sodium deutenoacetate to rats resulted in the formation of 
deutenohemin (3) This finding showed only that some of the carbon 
atoms of the side chains of heme are derived from acetate, for none of the 
carbon atoms of the pyrrole rings is bonded to hydrogeD The feeding of 
compounds labeled with deuterium will therefore furnish only indirect 
evidence for the participation of these compounds m pyrrole nng formation 
Fischer and Fink (7) have recently shown that formylacetone and gly- 
cme readily condense to yield a product which gave the positive Ehrlich 
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color reaction for pyrroles Since the product was not isolated, its structure 
is unknown While insufficient data are yet available to permit definite 
formulation of the reactions by which porphynns are biologically synthe- 
sized, it is possible that the synthesis involves the condensation of glycine 
nith a /3-ketoaldehyde formed in pait at least from acetic acid The 
reaction may occur as shown in the accompanying diagram According 
to this formulation the a-carbon atom of the pyrrole nngs and the carbon 
atoms of the methme budges arc deuved fiom glycine 

EXPERIMENTAL 

Isotopic Nitrogen Compounds — Glycine, df-glutarmc acid, rff-leucine, and 
ammonium citrate containing N 15 w eie synthesized by the methods pre- 
viously described (8) The df-prohne was synthesized from isotopic potas- 
sium phthahmide and trimethylene bromide by the method of Sorensen 
and Andersen (9) 

Feeding Experiment — A group of lats (220 to 280 gm) nas given the 
following diet starch 83 per cent, yeast 5 per cent, salt mixture 4 per cent 
(10), cottonseed oil (Wesson oil) G per cent, and cod liver oil 2 per cent 
After the rats were kept on this diet for 2 days, each test substance was in- 
corporated into the diet of at least two animals for 3 days The rats were 
then kept on the basal diet for the next 2 weeks 1 33 mM of glycine and 
ammonia and 2 66 mM of df-glutamic acid, df-proline, and tfi-leucme per 100 
gm of body weight were given over a period of 3 days 

Isolation of Hemin — The rats were killed by exsangiunntion The o\a- 
lated blood was centrifuged and the red cells, after being ivashed twice with 
physiological saline, v r ere hemolyzed with an equal volume of water The 
hemoglobin solution was added dropwise over a period of 20 minutes to 3 
volumes of acetic acid containing about 0 5 cc of a saturated sodium chlo- 
ride solution at 95-100° After the addition of the hemoglobin solution, 
the mLxture was kept on a steam bath for 1 hour The hemm crystals were 
centrifuged, washed twice with a 50 per cent acetic acid solution, twice with 
water, twice with alcohol, and finally with ether (11) 

SUMMARY 

1 Glycine has been shown to be a nitrogenous precursor of the proto- 
porphyrin of hemoglobin in the rat 

2 The finding of N 15 in heme after the feeding of isotopic prohne, glu- 
tamic acid, leucine, and ammonia is due to the N 16 enrichment, by the nitro- 
gen of these compounds, of the body nitrogen fiom which the precursor of 
heme is synthesized rather than to a duect utilization of these compounds 

3 The biological formation of the porphyrin structure is briefly dis- 
cussed 
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THE LIFE SPAN OF THE HUMAN RED BLOOD CELL 
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( From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 

(Received for publication, August 22, 1946) 

Many different methods have been used to estimate the average life time 
of the human red blood cell The different attempts have yielded esti- 
mates which range from 5 to 200 days Estimates have been made by 
inducing polycythemia and notmg the time required for the return to the 
normal red cell count, this yielded values of 18 to 30 days (1) Determina- 
tions of the amount of iron or pigment excreted have yielded estimates of 
20 to 200 days (2) 

Determinations of the survival time of transfused erythrocytes by means 
of differential agglutination (3, 4) yielded estimates ranging from 30 to 100 
days The use of agglutinogens M and N for tagging erythrocytes gave 
values of 80 to 120 days (5-7) Moi e recently Callender, Pou ell, and Witts 

(8) using Ashby’s differential agglutination method (3) m Rh-positive men 

(9) concluded from a mathematical analysis of their data that red blood 
cells live for approximately 120 days Measurement of the time required 
for the disappearance of sulfhemoglobin from the blood of cyanosed workers 

(10) indicated the life span of the red blood cell to be 115 days Hawkins 
and Whipple (11) by another technique obtained a value of 124 days for the 
dog erythrocyte 

Glycine has been shown to be a nitrogenous precursor of the protoporphy- 
rin of hemoglobin in the rat (12) The feeding of glycme labeled with N' 5 
to a man also results m the formation of heme containing a comparatively 
high concentration of N 1S (13) After cessation of the feedmg of the labeled 
glycme, the isotope concentration of the heme was followed over a long 
period of time by analysis of the hemin isolated at intervals The values 
rose rapidly to a high level, remained practically constant for many weeks, 
and then fell quite sharply to a very low level This finding indicates that 
the heme is neither involved in the dynamic metabolic state nor reutihzed 
for hemoglobin formation On these grounds, the curve of N 15 concentra- 
tion of the heme versus time can form the basis for a determination of the 
average life span of the human red blood cell This was found to be about 
127 days 

EXPERIMENTAL 

Feeding Experiment — One of us (D S ) ingested 66 gm of glycme contain- 
ing 32 4 atom per cent N 1S excess (14) The glycme vas divided into 60 
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doses and taken over a period of 3 days At intervals blood was withdrawn 
and urine collected 

Preparation of Hemm and Protein Samples — Usually 20 cc of venous 
blood were withdrawn, oxalated, and separated into red cell and plasma 


Table I 

N li Concentration of Hemm 


Time 

Hemm N 11 concentration 

Time ! 

Hemin N l * concentration 

days 

atom per cent excess 

days 

atom per cent excess 

0 

0 000 

127 

0 342 

4 

0 131 

144 

0 200 

18 

0 422 

154 

0 164 

77 

0 466 

170 

0 112 

86 

0 462 

192 

0 096 

99 

0 448 

231 

0 062 



Fig 1 N 15 concentration in hemm after feeding N 15 labeled glycine for 3 days 


fractions by centrifugation On the 4th and 18th days of the experiment 
300 cc quantities of blood were withdrawn These larger samples were 
taken to permit isolation of individual ammo acids from the blood protems 
The results obtained on the amino acids and proteins will be reported m a 
later publication 
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The hemin was isolated in a manner previously descnbed (15) The red 
blood cell proteins were obtained by treating hemolyzed red cells with 
trichloroacetic acid 

Urinary Urea Nitrogen — The urinary urea nitrogen was obtained as am- 
monia by treating urrne, from which ammonia had been adsorbed with 
permutit, with urease 

Isotope Concentrations — The isotope concentrations found m the hemin 
at various periods of the experiment are given in Table I For comparison 
there are plotted m Fig 1 the isotope concentrations found m the hemrn 
(Curve a) and red cell proteins (Curve d) 

DISCUSSION 

If during the administration of an isotopic compound a nitrogenous con- 
stituent of a cell is continuously being degraded and resynthesized, though 
morphologically the cell remains intact, the N 15 concentration will mcrease 
to a maximum value, and then decline The average life span of the cell 
cannot be thus determined but only the half life time of the constituent of 
the cell, which can be estimated from the rate of decrease of the N 15 concen- 
tration of the particular component (16, 17) This problem has been 
mathematically treated by Zdversmit, Entenman, and Fishier (18) 

The shape of the curve in which the isotope concentration of the henun 
is plotted against time is different from that found previously for any cellu- 
lar constituent Instead of rising during the period in which the labeled 
material is fed and then decaying along an exponential curve, the curve for 
hemin rises rapidly for about 25 days after the cessation of feeding the 
labeled glycine, remains practically flat for the next 70 days, and then falls 
along an S-shaped curve Such a curve cannot be the result of a single 
process involving molecules which are synthesized and degraded by a ran- 
dom procedure, a process which would result m a curve similar in shape to 
that we found for the hver proteins of the rat (17) The curve for hemin 
cannot be descnbed by a simple exponential function, it appears that the 
probability that a hemoglobin molecule may be degraded is a function of its 
age Since the concept of “aging” is not applicable to a molecule, another 
explanation must be sought 

If a constituent of a cell is not involved in the flux of synthesis and degra- 
dation, the presence of N 15 m the constituent of this cell must be the result 
of synthesis of the component and its incorporation during the formation 
of the cell The original molecules of this constituent will then remain \\ ith 
the cell until the cell disintegrates or dies In such a case the N 15 concen- 
tration of the component will, if the cells are not indiscriminately destroyed, 
reach a maximum value and remain constant for a length of time depending 
on the life span of the cell On the destruction of the cell the N 1S concen- 
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t ration should then, unless the component is reutilized, abruptly decline 
In such a system, the average life time of the cell, as will be shown below, 
can be estimated from the curve obtained by plotting the N 15 concentration 
of the component against time During the period in which the labeled 
compound was fed m this experiment, heme containing isotopic nitrogen 
was synthesized and mcorporated into newly formed erythrocytes These 
cells as they are discharged mto the circulation raise the isotope concen- 
tration of the heme of the total red blood cells Up to about the 25th day 
the rise takes place rapidly After this period, and probably even earlier, 
the isotope concentration of the newly synthesized heme is lower than that 
of the average N 1S concentration of the heme m circulation The addition 
of this heme of relatively low isotope concentration to the circulating heme 
would lower the average isotope concentration if the destruction of heme 
were a random process However, the molecules to be destroyed are those 
in the red blood cells which had been synthesized before feeding the labeled 
glycme As these contain no excess N 1S , the isotope concentration of the 
heme m the red cells rises, even though the newly added material has a lower 
isotope concentration than the average circulating heme Eventually the 
time arrives at which the red cells, synthesized during the period in which 
labeled glycine was fed and which contain heme with the highest isotope 
concentrations, begin to be destroyed As the bulk of these red cells is 
replaced by others containing heme with very low isotope concentration 
the N 15 concentration in the total heme drops abruptly This decrease of 
N 16 concentration begins at about the 80th day This phenomenon can 
occur only if the porphyrin moiety of hemoglobin is not reutilized for new 
hemoglobin formation Were the heme used again, the isotope concentra- 
tion of the isolated hemin would decrease very slowly instead of showing 
an abrupt drop In this respect the protoporphyrin of the hemoglobin 
differs from the iron, which is reutilized after the destruction of the red 
cell (19, 20) 

These considerations mdicate that the heme of the non-nucleated red 
blood cells, unlike the constituents of nucleated cells, is not continuously 
formed and degraded within the cell The red cells are not indiscriminately 
destroyed, but their rate of destruction is a function of the age of the cell 

A mathematical treatment of the data gives a figure of the average life 
time of the red cell of 127 days, which is the same time as that separating 
the mid-points of the rising and declining portions of the curve 

An equation relating the isotope concentration C(t) of the henun as a 
function of time is denved below 

Let 

/(e) = the N 15 concentration in the hemin synthesized at the time 6 /(e) is also the 

isotope concentration in the hemin precursor at time e 
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a = rate of formation of hemm nitrogen in atoms per day 
jV = total hemm nitrogen (atoms) in the blood 

G(t ) = atoms of N li in circulating hemin nitrogen at time l 

4 > 0 ) = probability that a red cell will have a life span greater than t 


Then 

G(t) = f af(B)4,(l - 8) dO 

Jq 

(1) 

Since 

100^ = CO) 

N 

(2) 


CO) = 100 7 , [ f (0)4,0 - B)d8 

N Jo 

(3) 

Let 

N = 

- = T 
a 


Then 

100 

CO) = -=r j( f(8)4>0 - e)do 

(4) 

There does not exist a general solution of this integral equation 1 An 
approximate solution may be obtained as follows Assume /(S) is zero every 
place except at t — 0 and that J'((d)d3 is finite Physically this assumption 
concerning /(0) is equivalent to the sudden introduction mto the circulation 
at zero time of newly formed red cells whose hemm is labeled with N 16 
Equation 4 becomes 


. 100 

CO) =-jT*(t) 

(5) 

and 

dC 100 d4, 
dt ~ T dl 

(6) 


From the definition, of <j> it is apparent that —d<t>/dt is proportional to the 
rate of destruction of red cells Therefore under these conditions the rate 
of destruction will also be proportional to —dC/dt 
We have graphically evaluated —dC/dt for the period l > 80 days 
These values are plotted m Fig 1, Curve b This curve shows that cells 
formed during the period m which high concentration isotope was being 
incorporated mto red cells, i e the 3 day feeding period, begin to die at 

1 A treatment of the Volterra equation is given by Margenau and Murphy (21) 
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Variations in the value of Co and X have but small effect upon the value of 
T The value for the average life span of the red cells, which is presumably 
much the same for all normal male human adults, coi responds to the pro- 
duction (and destruction) of 0 79 per cent of red cells per day The value 
of T only relates to the period the red cell is in the circulatory system 
The peiiod between the mtroduction of heme into the red cell and its dis- 
charge into the circulation cannot exceed a few days On the 4th day after 
the beginning of the experiments the red cells m the blood contained an 
appreciable concentration of labeled heme It is likely that the time 
between the period in which the heme is formed and the moment it appears 
m the circulation cannot exceed 1 to 2 days 

By the isotope technique here described, m contrast to the other tech- 
niques, the life span of the red cells can be determined in the individual 
m which they are produced and destroyed under physiological conditions 
With this knowledge of the life span of the red blood cell it is possible to 
confirm the fact that glycine is the precursor of the protoporphyrin of hemo- 
globin in the human as well as m the rat 10 days from the start of the 
experiment the N 15 concentration of the protoporphyrin was 0 34 atom per 
cent N 15 excess Since the average life time of the red blood cell is about 
127 days, approximately one-thirteenth of the cells are, at this time, newly 
formed and contain isotopically labeled heme The newly formed red 
cells must contain heme having an average N 15 concentration 13 times as 
high as the total heme or 4 4 atom per cent N 15 excess (i e 13 X 0 34) 
The nitrogenous souice of the heme m this 10 day period, therefore, must 
have had an average N 15 concentration of 4 4 atom per cent N 15 excess It 
is clear from quantitative considerations that glycine, the isotopic ammo 
acid fed, is the only compound that could have had as high an average 
N 1S concentration for the first 10 days It is known that ammonia and 
glutamic acid have the next highest N 16 concentrations Ammonia can 
easily be eliminated The N 15 concentration of excretory urea, which is 
derived from ammonia, was determined through this period, and found 
to be far below the required 4 4 per cent The isotope concentration in the 
urinary urea rose rapidly to a maximum concentration of 3 3 atom per cent 
excess on the 3rd day of the expenment and then rapidly fell to 0 37 atom 
per cent excess on the 7th day of the experiment and had fallen to 0 188 
atom per cent excess by the 10th day The average isotope concen- 
tration in the urinary urea was less than 1 2 atom per cent excess during 
this period Glutamic acid can also be eliminated The N 15 concentration 
of glutamic acid is always found to be approximately equal to that found 
for the whole protein, for glutamic acid mtrogen rapidly equilibrates with 
most of the mtrogen of the piotein (17) Even the plasma proteins, 
which are among those with the highest N 15 concentration after the feeding 
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of an isotopic compound, had an average N 15 concentration far below 4 0 
atom per cent N 15 excess The maximum isotope concentration attained 
by the plama proteins was only 0 39 atom per cent excess 
The finding that the isotope concentration m the red cell proteins, which 
consists mainly of globm, are low (Fig 1, Curve d) is consistent with the 
view that the proteins, like the heme, of the erythrocytes differ from the 
proteins of other organs m not being involved m the dynamic state The 
red cell, when formed, is supphed with its store of hemoglobin, which re- 
mains intact during its lifetime From this it may be inferred that only 
about 0 79 per cent of the globm is synthesized per day 2 

We are indebted to Dr Chaim L Pekeris of Columbia University, 
Mathematical Physics Group, for helpful discussions and assistance m the 
mathematical portion of this paper 

SUMMARY 

1 A study of the isotope concentrations found in the heme of the human 
red blood cell, after the feedmg of glycine labeled with N 15 , indicates that 
the erythrocyte is not subjected to indiscriminate destruction but has a 
life span This was found to be about 127 days 

2 Evidence has been presented which shows that the protoporphyrin of 
hemoglobin is not reutihzed for hemoglobin synthesis 

3 Glycine is the nitrogenous precursor of the protoporphyrin of hemo- 
globin in man 
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The mechanism by which the thyrotropic or the thyroid stimulating 
hormone (TSH) causes such marked growth and accelerated function of the 
thyroid remains a perplexing problem Significant experiments m this 
direction have been reported by Rawson et al (6, 8) who exposed TSH to 
slices of vanous organs m tissue culture Of the various tissues studied, 
only thyroid, thymus, and lymph node were capable of inactivating an 
appreciable amount of hormone In the case of thyroid tissue, it was ob- 
served that one labbit thyroid weighing about 150 mg was capable of 
inactivating 12 units of thyrotropic hormone Furthermore, slices of 
human thyroids obtained at operation varied in their ability to inactivate 
a given amount of hormone, i e , slices of toxic goiters were twice as effec- 
tive as equal amounts of normal tissue Although the mechanism and 
meaning of this inactivation are obscure, one possibility is that in exerting 
its effect on the thyroid TSH may be partly metabolized Such an inac- 
tivation could be carried out by an enzyme of the thyroid or by some sub- 
stance formed by the thyroid (Rawson et al (8)) 

The thyroid possesses the unique ability of trapping circulating iodide 
and presumably converting it into iodine Subsequently, the formation 
of thyroxine, w hich is the ultimate function of the thyroid, is possible How 
TSH is integrated with this system is unknown, since the enzyme which 
supposedly converts iodide to iodine is purely theoretical and since no evi- 
dence is available showing any biochemical interrelation of TSH with any 
of the products of the thyioid It would seem that the oxidation of iodide 
is a prime function of the thyroid It is known that iodide has a depressing 
effect on the ability of concurrently administered TSH to mduce goiters, 
and that iodide has an involuting action on the hyperplastic goiters of 
Graves’ disease and on the hyperplastic goiters induced by some anti- 
thyroid drugs 

* Aided in part by grants in aid from the Josiah Macy, Jr , Foundation, Parke, 
Davis and Company, the Ella Sachs Plotz Foundation, and the Thyroid Clime Fund 
We wish to thank Dr J H Means for his stimulating interest and encouragement in 
this work 
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INACTIVATION OF THYROTROPIC HORMONE I 


In view of these considerations, it was thought worth while to investigate 
the action of iodine on TSH The experiments which follow concern only 
the m vitro effect of iodine on TSH extract and as such do not necessanly 
reflect any physiological significance We will show that iodine abolishes 
TSH activity at room temperature within 30 minutes by the formation of 
an lodo complex of TSH extract, and that the inactivation is reversible 
In a subsequent paper, we mil show that the reactivation of TSH is ac- 
complished instantaneously by several reducing agents, particularly those 
which are goitrogenic 

Materials and Methods 

Thyrotropic hormone was generously supplied by Parke, Dams and Com- 
pany in the form of 10 ml ampules of a sterile aqueous solution containing 
60 Junkmann-Schoeller units per ml The activity of this pituitary ex- 
tract was 2 5 units per mg of protein All hormone used was prepared 
from the same batch (No 098198-A) It should be emphasized that this 
TSH preparation is an impure pituitary extract containing TSH and other 
active as well as inert proteins 

Our assay for thyrotropic hoimone is a composite modification of three 
methods Ten to twenty, I day-old cockerels (white Leghorn) were in- 
jected once daily with a volume usually of 1 ml subcutaneously for 3 days, 
and killed on the 4th day The thyroid glands weie dissected and neighed 
en masse on a torsion balance After weighing, the glands nere placed m 
10 per cent KOH and iodine determinations made according to the method of 
Kendall, as modified by Astwood and Bissell (1) Finally, some of the 
thyroids were sectioned and the mean acinar cell height determined by the 
method of Rawson and Salter (7) modified so that 50 cells were measured 
m each of five thyroid lobes of five chicks 

Interpretation of the methods of assay of TSH is very important and 
deserves some detailed comment Fig 1 shows the effect of graded doses of 
TSH on the weight, iodine concentration, and mean cell height of the chick 
thyroid These lesults are confirmatoiy of findings previously reported 
by Smelser (9), Beigman and Turner (2), Stimmel and McCullagh (10), 
and others (5) Such values are useful for assay purposes only between a 
range of 0 to 2 units of TSH because the values foi weight and mean cell 
height become rapidly asymptotic with doses of hormone greater than 2 
umts It can also be seen that the thyroidal iodine concentration is a 
more sensitive mdicatoi of TSH than eithei mean cell height or weight of 
the thyroid Consequently, i\e have calculated all our lesults by reading 
off the unitage from the weight cm ve All crucial experiments were checked 
by the mean cell height curve Iodine concentrations are given m each 
case and are used only to indicate the positivity of the value obtamed from 
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the weight curve, but not necessarily the accuracy of this value because 
of two reasons The first is obvious from the curves, because the lodme 
loss in the range of dosage between 0 5 and 2 units is maximal The other 
reason is that m most of the experiments exogenous iodine was given con- 
currently xvi th TSH From several hundred assays, it can be stated, that, 
provided no iodine is given concurrently with TSH, hyperplasia and hyper- 
trophy of the thyroid do not occur without an intensive and concomitant 
or previous fall m iodine concentration With exogenous lodme, the fall in 



n 

loo 10 

90 z 9 
° < 
p cc 

8o< ay 

£ ? 
70 S 7 £ 
g o 
60o6£ 

111 i 

z ^ 

50ci 5 Cj 

O o 
40 z 4*1 

uj Id 

S 3 
30 fa 3 

O- 

20 2 
10 I 
0 0 


Fig 1 The assay of thyrotropic hormone as based on the relationship between 
dosage and thyroid weight, thyroid iodine concentration, and moan cell height 
Each point on the curves for thyroid weight and iodine concentration represents ten 
ammals Each mean cell height value is an average of 50 measurements on each of 
five thyroid lobes of five different ammals at any given dosage □ values of mean 
cell height, O average thjroid weights, X iodine concentration values The hon 
zontal line at the lower left represents the range of thyroid weights of untreated 
chicks, 4 days of age 


concentration is less but the genei al rule applies This is probably due to 
the fact that iodine loss is partly balanced by the mcreased iodine avidity 
of the gland rendered hyperplastic by TSH In any case, iodine concentra- 
tion in such a situation cannot be used as a quantitative mdex for TSH 
It is significant that all three methods of assay check well, as can be seen 
m Tables I to VIII, especially Table VII containing the mean cell heights 
The exact values (Fig 1) of the \\ eights obtained with \ anous amounts 
of TSH are not necessarily observed if the series is repeated each month 
The curves, however, are parallel to that shown in Fig 1, and on the same 
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scale fall eithei to the right or left of it This probably indicates the m- 
heient vanation in sensitivity of different batches of animals To compare 
results fiom week to week, a group of uninjected animals and a group in- 
jected with a certain amoimt of hoimone, usually either 1 or 2 units, de- 
pending on the purpose of the experiment, are always included The actual 
unitage is read off the cuive by the average weight induced, as are all other 
values of any one series The diffeiences among all experimental values 
are then expiessed as peicentage change of detei mined control value, and 
not fi om the assumed amount given Thus, similar experiments pei formed 
at widely sepai ated mtei vals can be directly compared 


TSH and h 


I 

Supernatant 


Brown ppt 

Washed with water 


Supernatant 

. / 
Combined supernatant 
Fraction 1A (no activity) 


6 volumes acetone 


White protein 
Fraction 2 V (no activity) 


Brown ppt 

Fraction IB (no activity) 


6 volumes acetone 


Buff colored protein 
Fraction 2B (active) 


Ovei a dozen units have been described foi thyrotropic hormone It is 
not possible in some cases to convert to a common basis the lesults among 
investigatois intei ested in eithei potency of the hormone, isolation pio- 
ceduies, oi physiological expenments As a step in this direction, the 
“intei national standard piepaiation of the antenoi lobe of the ox” 1 was 
assayed by the method just descnbed and was found to contain 1 Junk- 
mann-Schoellei unit pei 15 mg 


Results 

Effect of Iodmation on Thyiohopic Activity — To 1 0 ml of TSH extiact 
containing 20 mg of piotein weie added 2 0 ml of I 2 -KI solution (1 per 

1 Obtained through the courtesy of Dr Adley B Nichols, Committee of Revision 
of the Pharmacopoeia of the United States of America, Philadelphia 
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cent I- in IQ) and 7 0 ml of water After standing for 30 minutes at room 
temperature (24°), a deep brown precipitate formed The precipitate 
was removed by centrifuging, washed with 10 ml of water, and recentn- 
fuged An aliquot from the combined supernatant fluids and from the 
emulsified precipitate was removed for assay, and the remaining materials 
poured into 6 volumes of cold acetone The resulting w’hite precipitates 
thus formed were removed, dissolved in distilled water, and assayed The 
results are presented in the accompanying flow sheet and m Table I 
In all cases, the assays were conducted at a level of 2 units per animal 


Table I 

Effect of Iodination and Partial Deiodination on Thyrotropic Activity 


Assay No 

Treatment of extract 

Thyroid weight 

A3 

Umnjected controls 

mg 

3 5 

A-4 

0 

7 7 

A-0 

* 

8 9 

A 1 

As Fraction 2A 

4 0 

A 2 

“ “ 2B 

7 5 

A 13 

Umnjected controls 

3 0 

A 8 

0 

9 1 

A 11 

As Fraction IB 

3 7 

A 9 

“ “ 2B 

9 6 

A-12 

“ “ 1A 

3 2 

A 10 

“ “ 2A 

3 2 


* 20 mg of protein mi\ed with 20 mg of U After precipitation had occurred, 
the entire mi\ture was poured into 6 volumes of acetone, and the acetone precipitate 
removed and assayed 


The iodine partition during the iodination of the extract was demon- 
strated by mixing 100 units of TSH (no demonstrable I) wuth 40 mg of I 2 
m IQ The washed brown precipitate was found by analysis to contam a 
total of 4 mg of iodine When the precipitate was w r ashed w ith excess 
acetone, the resulting buff-colored product contained a total of 1 6 mg of 
iodine On the basis of activity, it can be calculated that 40 y of iodine are 
present in the lodinated complex per unit of original TSH activity 24 y 
are readily removed by acetone, leaving 16 y of iodine per unit of TSH 
activity The presence of 16 y of I which appears more tightly bound to 
the proteins of the extract does not inhibit TSH activity 
Effect of Amount of Iodine on Inactivation of TSH Extract ( Hormone 
Constant, Iodine Variable) — 25 units of TSH were mixed with varying 
amounts of I* in KI When precipitates formed after 1 horn, the niLX- 
tures w ere diluted to 37 5 ml with distilled w ater, and assayed at the 
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equivalent of 2 original TSH units It can be seen (Table II) that 100 y 
of I 2 per unit of TSH constituted the minimal amount of iodine inducing 
maximal inactivation It can also be seen that, despite the large doses 
of total iodine the chicks received, the percentage lodme loss of their 


Table II 

Effect of Increasing Amounts of Iodine on Constant Amount of Thyrotd- 
Stimulahng Hormone (TSH) 


Assay No 

Units 

TSH 

I, in KI 

Total I 
per chick 

Thyroid 

weight 

Thyroid I 

Average 
mean cell 
height 

Per cent 
inactivation 



mg 


mg 

y per mg 



22 

25 

10 0 


4 50 

0 58 

4 5 

89 

23 

25 

5 0 


4 50 

0 62 

5 4 

89 

24 

25 

2 5 

0 4 

4 40 

0 54 

5 4 

91 

25 

25 

1 0 

'WMm 

5 75 

0 41 

9 8 

59 

26 

25 

0 5 


7 40 

0 38 

10 8 

22 

27 

25 

0 0 

0 0 

8 30 

0 14 

10 8 

0 

28 

0 

0 0 

0 0 

4 00* 

0 85 

4 5 



* The control value is higher and the I value lower than usual, since this senes 
was made with 5 day-old chicks 


Table III 

Effect of Increasing Amounts of TSH and Iodine m Constant Ratio 
(400 y of Ij per Unit of TSH) 


Assay No 

Units 

TSH 

D 

Units per 
chick 

Total I per 
chick 

Thyroid 

weight 

Thyroid I 

Per cent 
inactivation 



mg 


mg 

mg 

y per mg 


32 

0 

0 

0 

0 

3 2 

1 80 


33 

K3 

0 

2 

0 

7 0 

0 38 

0 

34 


20 

5 

2 

7 8 

0 94 

60 

35 


40 

10 

4 

8 8 

1 26 

75* 

36 


100 

25 

10 

10 8 

1 48 

85* 

37 


200 

50 

20 

6 6 

0 70 

95 


* The values are very approximate and calculated as if the linear relationship 
between thyroid weight and TSH holds above 8 0 mg , which it does not 


thyroids was proportional to the remaining hormonal activity, but at a 
slightly lower level 

Effect of Increasing TSH Extract and Iodine ( Amounts of Hormone and 
Iodine Both Variable, Ratio Constant ) — Hitherto, all assays were performed 
at a level of 2 units per chick, and at this level, maximal inactivation (&0 per 
cent) was obtamed It was significant to deteimine whether similar in- 
activation could be obtamed when much larger dosages were tested Con- 
sequently mixtures of TSH and I 2 were prepared so that each chick was 
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injected with dosages varying from 5 to 50 units of the original TSH In 
each case, 400 y of iodine in KI were added per unit of TSH It 

Table IV 


Effect of Constant Amount of Iodine on Increasing Amounts of TSH 


Assay No 

Units 

TSH 

Ij in KI 

Units per 
chick tested 

Total I per 
chick 

Thyroid 

weight 

Thyroid I 

Per cent 
inactivation 



ml 


mg 

*»r 

7 per mg 


154 

30 

15 

2 

0 2 

3 25 

1 21 

100 

130 

0 

0 

0 

0 0 

2 94 

TOM 


131 

30 

0 

2 

0 0 

7 26 


0 

132 

30 

15 

2 

0 2 

3 55 

0 89 

100 

196 

20 

30 

2 

0 2 

3 25 

0 88 

100 

197 

50 

30 

5 

1 0 

3 84 

0 83 

100 

198 

100 

30 

10 

2 0 

4 50 

0 87 

95 

199 

200 

30 

20 

4 0 

4 90 

0 82 

95 

200 

200 

0 

20 

0 0 

9 60 

0 03 

0 

195 

0 

0 

0 

0 0 

3 19 

1 10 



Table V 

Effect of Iodine m Various Forms on Activity of Constant Amount of TSH 


Assay No 

Units TSH 
per chick 

Total iodine 
per chick 

Type of iodine 





mg 


mg 

7 mg 


0 

0 

0 

3 2 


71 

2 

0 

0 

6 3 

mtSm 

72 

2 

0 01 

KI 

6 4 


73 

2 

0 05 

II 

7 5 


74 

2 

0 10 

II 

8 0 

■33I 

76 

2 

1 00 

(1 

7 4 

KI: 

77 

2 

10 00 

II 

8 9 

JP!®: 

78 

2 

0 01 

Is in KI 

8 4 


80 

2 

0 10 


9 6 

Ki f 

81 

2 

0 50 

II II II 

8 9 

■SSI 

82 

2 

1 00 

II II II 

6 5 


83 

2 

10 00 

II II II 

4 4 

■Hi 

84 

2 

0 01 

II 

9 7 

0 25 

85 

2 

0 05 

II 

8 1 

0 47 

86 

2 

0 10 

II 

8 8 


87 

2 

0 50 

II 

7 1 

0 52 

88 

2 

1 00 

II 

6 8 

1 00 

89 

2 

10 00 

II 

4 8 

1 31 


can be noted (Table III) that the resulting inactivation was roughly in- 
dependent of the level at which the TSH is tested 
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INACTIVATION OF THYROTROPIC HORMONE I 


Effect of Increasing TSH Extract (Hormone Variable, Iodine Constant)— 
To a gi eat excess of iodine varying amounts of TSH extract were added 
The lesulting precipitates weie lemoved, emulsified in water, and tested 
Chicks leceived dosages vaiying fiom 2 to 20 units (Table IV) Under 
these conditions, almost complete inactivation was observed 


Table VI 


Effect of Iodine Alone in Various Forms on Thyroid 


Assay No 

Total iodine per chick 

Type of iodine 

Thyroid weight 

Thyroid I 


m§ 


mg 

y per mg 

130 

0 

0 

2 94 

0 95 

138 

0 01 

KI 

3 40 

1 30 

139 

0 10 

it 

4 12 

1 50 

140 

1 00 

It 

4 55 


141 

10 00 

it 

4 34 


142 

0 01 

I, in KI 

3 57 


143 

0 10 

it ti it 

3 78 


144 

1 00 

it it it 

3 96 


145 

10 00 

u it it ! 

4 16 


146 

0 01 

« 

3 50 


147 

0 10 

it 

4 00 


148 

1 00 

a 

3 90 

■i 


Table VII 


Survey of Activity by Microhislological Assay 


Assay No 

Agents per chick 

Average mean cell height 

221 

800 y TSH 

P 

9 08 

222 

800 “ lodinated TSH 

3 82 

223 

800 “ “ “ after acetone 

7 74 

224 

800 “ TSH + 200 y I aa KI 

8 30 

225 

200 “ I aa KI 

3 87 

226 

200 “ “ “ I 2 

3 77 

227 

200 Ii-KI 

4 45 

195 

None 

3 86 


Effect of Chemical Form of Iodine — Since it is well known that iodine m 
almost any form has a depressmg effect both on the growth and function 
of the thyioid, it was evident that the biological or m vivo effect of iodine 
had to be determined Since inorganic, and perhaps also organic, iodine 
reaches the thyroid as iodide, the effect of the same dosages of iodine as 
(1) iodide, (2) iodine m iodide, and (3) iodine alone on the activity of TSH 
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was determined Solutions used were KI (10 mg of iodine as KI per ml ), 
dilute Lugol’s solution (10 mg of total iodine per ml as I 2 in KI, 1 part of 
I- to 2 parts of I as KI), and an alcoholic solution of I 2 (10 mg of I 2 per 
ml ) 30 units of TSH w ere mi\ed with the various iodine solutions and 

dilutions made so that each chick received 2 units of TSH and varying 
amounts of iodine from 10 to 10,000 7 (Table V) Controls consisted of 
animals not injected, mjected with 2 units of TSH alone, and injected with 
varying dosages of the three types of iodine alone, the latter being shown m 
Table VI The chief conclusion was that KI did not precipitate TSH ex- 
tract nor did it mterfere with TSH activity, while both I 2 m KI and I 2 
alone did Iodine in any of the three forms used had no effect on the thy- 
roid 

DISCUSSION 

It has been shown that elemental iodine abolished TSH activity The 
inactivation is dependent upon the amount of iodine added and does not 
appear to occur all at once w hen a certain concentration of iodine is reached 
The reaction mixture must contain a slight excess of free iodine Further- 
more, the inactivation is induced no matter how high a level of TSH is 
tested, provided sufficient iodine is present The greatest percentage of 
inactivation is induced, however, when TSH extract in either small or large 
doses is added to a great excess of iodine 

Several possibilities could account for the abolition of TSH activity 
by iodine The first is that the ability of the chick thyroid to respond to 
TSH is abolished by the excess iodine present m the lodinated complex 
However, iodide in various doses does not affect the goitrogenic ability of a 
given amount 1 2 of the hormone, nor does it form an insoluble lodinated pro- 
tein complex with the TSH extract The second possibility is that during 
lodination of TSH extract by elemental iodine a certam amount of thyroxine 
can be formed 2 umts of TSH were usually used and this amount of 
activity contains approximately 800 7 of protein Assuming a generous 
yield of 8 per cent, each animal would receive about 60 7 of thyroxine, 
w'hich could account for the observed inactivation of TSH by general 
depression of the thyroid’s ability to respond to TSH (Cortell and Rawson 
(4)) There are several arguments against such a possibility, smce the 
formation of thyroxine m acid medium is not favorable, smce acetone re- 
stores activity fully but removes only part of the iodine, and smce the in- 
activation does not parallel the absorption of lodme by the protein but 
occurs when excess free iodine is present This pomt was tested experi- 
mentally by injecting 60 7 of thyroxine (synthetic) with TSH (Table VIII) 

1 In these experiments, this statement pertains only to a dosage of 2 umts 

TSH per chick 
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It is apparent that while some loss of TSH potency occurred the loss was 
hardly sufficient to account for the inactivation of TSH by iodine via the 
production of thyroxine on lodination of the piotems of the extract 
A third possibility is that, since the TSH used was quite impure, the re- 
maining bulk of insoluble lodmated protein could have adsorbed the rela- 
tively small portion of protein representing TSH Pure TSH has been 
reported by Ciereszko (3) to be active at a dose of 1 y of protein, which, 
even if the difference between the units employed is allowed for, is vastly 


Table VIII 

Effect of Thyroxine on Activity of Thyrotropic Hormone Extract 


Assay 

No 

Agents per chick 

Thyroid 

weight 

Thyroid I 

Average 

mean 

cell 

height 

Testes 

weight 



mg 

y per mg 

M 

mg 

329 

0 

2 8 

0 88 

3 99 

9 0 

330 

60 y thyroxine 

3 1 

1 48 

3 98 

9 0 

331 

60 “ “ +2 units TSH 

5 2 

0 12 

8 21 

16 8 

332 

2 units TSH 

7 0 

0 07 

8 29 

18 5 


Table IX 

Simultaneous Effect of Iodine on Thyrotropic and Gonadotropic Activity 


Assay No 

Agents per chick 

Thyroid weight 

Testes weight 

195 

None 

mg 

3 19 

mg 

9 20 

196 

2 units lodo complex 

3 25 


212 

2 “ untreated 

6 60 

16 40 

199 

20 “ lodo complex 

4 90 

26 50 

200 

20 “ untreated 

9 60 

26 30 


purer than the preparation used m these experiments (1 unit = 400 y of 
protem) Consequently TSH might not have been affected by iodine, and 
the observed loss of activity might be asci ibed to adsorption of TSH on the 
remaining 399 parts of insoluble lodmated protem This is quite unlikely, 
however, because it has been observed that the chick is able to liberate 
TSH from strong adsorbents 

Another possible explanation for the abolition of TSH activity by iodine 
concerns the bioassay, since the lodmated extiact, being insoluble, might 
not be sufficiently absorbed from the tissues to exert a thyrotropic effect 
This is unlikely because the bioassay extends over a 3 day period and be- 
cause it is doubtful that any change m absorption rate, either accelerated 
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or depressed, could account for a complete loss of effect of a maximal dose 
of hormone assayed in the manner described Experimental evidence 
(Table IX) is available showing that alteied tissue absorption is not a 
major factor in the bioassay method This evidence was obtained by 
simultaneously assaying in the same chicks the gonadotropic and thyro- 
tropic activity of the extract before and after lodmation, utilizing the 
weight of the testes as a measure of total gonadotropic activity The over- 
all gonadotropic potency was not markedly altered by lodmation, while 
there was simultaneously a complete loss of TSH activity The observed 
inactivation of TSH extract, therefore, cannot be attributed to an effect of 
iodine on tissue absorption 

In view of this discussion, a tentative explanation is that free iodine has 
induced a chemical change, presumably oxidative in nature, in the thyro- 
tropic hormone w hich becomes inactivated 

SUMMARY 

1 The addition of free iodine to a pituitary extract resulted m abohtion 
of 90 to 100 per cent of the thyrotropic activity, but no change m over-all 
gonadotropic activity 

2 The degree of inactivation of thyrotropic potency was proportional 
to the amount of iodine added 

3 Provided sufficient iodine was present, the inactivation of thyrotropic 
potency was independent of the amount of extract tested 

4 The failure of the iodine-treated pituitary extract to evoke thyro- 
tropic activity could not be ascribed to the biological action of iodine, to 
the action of any thyroxine that might be formed in the reaction mixture, 
or to an effect on tissue absorption 
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THE CONJUGATED, NON-PROTEIN, AMINO ACIDS OF PLASMA 

III PEPTIDEMIA AND HYPERPEPTIDUR1A AS A RESULT OF THE 
INTRAVENOUS ADMINISTRATION OF PARTIALLY 
HYDROLYZED CASEIN (AMIGEN) 

Br HALV OR N CHRISTENSEN, ELEANOR L LYNCH, and 
JOHN H POWERS 

{From The Mary Imogene Bassett Hospital, Cooperstown, New York ) 
(Received for publication, September 9, 1946) 

Almost no information is as available concerning the fate of peptides 
introduced intravenously pnor to the observation that the peptide-rich 
hydrolysate of casein, “amigen,” could be infused without unfavorable 
results Methods previously used for the demonstration of peptides in 
plasma are invalid and such substances may be absent from normal plasma 
(1) Substances with the properties of peptides have long been known 
to occur in urine (2) Madden et al (3) have reported that amigen ad- 
ministered parenterally to dogs provided far better mtrogen retention and 
plasma protein regeneration than acid hydrolysates of casein fortified with 
tryptophane To explain the superiority of amigen White and Sayers (4) 
have suggested that peptides might be better utilized by tissues or more 
completely retamed by the kidneys than are free ammo acids Acid 
hydrolysates of casern containing two-thirds of the ammo acids m the 
bound form administered intravenously to dogs have maintained mtrogen 
balance (5) We have examined the metabolism of the peptides of amigen 
by observmg their concentrations m plasma and urine following infusion 
of the hydrolysate The combination of chemical deprotenuzation (to 
eliminate proteolytic activity) and dialysis through cellophane (to complete 
the elimination of protein) xvas recommended by our findings for the least 
equivocal demonstration of the presence m tissues of conjugated, non- 
protein, amino acids (as in peptides) 

We have observed that during the infusion of 50 gm of amigen mto young 
men dialyzable ammo acid conjugates soluble m tungstic acid (properties 
shown by the peptides of amigen) were present in plasma to the extent of 
2 3 mg per cent (infusion over 5 hours) to 4 9 mg per cent (infusion re- 
quiring 103 minutes) of a-amino mtrogen (manometnc mnhydnn procedure 
(6)) released by acid hydrolysis, and that this peptidemia persisted for 3 
to 6 hours or more after the infusion (Table I) The elevation of con- 
jugated ammo acids xvas larger and much more prolonged than that of 
free ammo acids, despite the fact that two-thirds of the ammo acids of 
amigen appeared to be free Loss of conjugated dialyzable a ammo mtro- 
gen by way of the unne during the period of infusion plus 3 to 6 hours after 
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Table I 

Plasma Amino Acid Changes Produced by Infusion of Antigen 
The results are given m mg per cent 


Expert 

ment 

No 

a Amino N 

Before 

infusion 

Mul 

infusion 

End of 
infusion 

1 hr 
after 

2 hrs 
after 

3 hrs 
after 

6 hrs 
after 

52 

Free 

4 55 

8 51 

9 33 

4 95 


4 15 



Bound diffusible* 

0 08 

3 83 

4 86 

2 11 


1 09 


62 

Free 

3 98 

7 58 

8 22 


3 56 


3 78 


Bound diffusible 

-0 04 

3 32 

4 66 


1 19 


0 34 

46 

Free 

3 13 

4 27 

4 77 

3 77 

3 29 




Bound diffusible 

0 29 

2 21 

2 33 

1 35 

0 80 



74 

Free 

4 65 


5 64t 



3 29 

3 27 


Bound diffusible 

0 19 


2 58f 



0 98 

0 21 


Experiment 52, normal person, infusion during 103 minutes 
Experiment 62, patient, 26 days after fracture of pelvis with rupture of tho 
urethra, infusion required 90 minutes 

Experiment 46, patient, 48 hours after hermoplasty , infusion during 5 hours 
Experiment 74, patient, 29 days after bilateral dissection of inguinal and femoral 
lymph nodes and amputation of carcinomatous penis Only 27 gm of amigen infused 
during 50 minutes 

* Total diffusible a amino N minus free a amino N 
1 10 minutes after end of infusion 


Table II 

Urine Ammo Acid Changes Produced by Infusion of Amigen 


Expen 

ment 

No* 



Infusion period 
+ succeeding ! 
3 to 6 hrs 

Extra loss 

a Amino N 

period 

fasting, 12 hrs 

Net 

Category 
in amigen 
infused 

52 

Free 

ms per hr 

5 16 

ms Per hr 

37 9 

ms 

155 

per cent 

5 


Bound diffusible) 

8 29 

179 

850 

53 

62 

Free 

4 03 

23 8 

184 

6 


Bound diffusible 

6 86 

110 

798 

50 

46 

Free 

6 42 

20 8 

120 

4 


Bound diffusible 

9 18 

80 8 

596 

37 

74 

Free 

5 32 

11 24 

41 4 

2 4 


Bound diffusible 

8 70 

53 0 

310 

36 


* See the notes below Table I 
t Total diffusible a amino N minus free a amino N 


was 36 to 53 per cent of that present in the amigen, while the loss of free 
ammo acids was 2 4 to 6 per cent (Table II) 1 

1 Cox and Mueller (7) recently have reported similar losses by dogs receiving 
amigen intravenously 
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These results, together with the observation that peptides were normally 
excreted by the kidneys apparently m the absence of measurable concen- 
trations in the plasma, indicate limited retention of peptides by the kidneys 
and limited ability of the tissues to utilize the peptides present in amigen 
Hence the peptides of this partial enzymatic hydrolysate do not appear, 
as a group, to contribute nutritional advantage to the preparation, although 
special nutritional value of individual peptides is of course not excluded 

EXPERIMENTAL 

1 liter (m one case 540 ml ) of 5 per cent amigen solution in 5 per cent 
glucose was administered by a cubital vein to convalescing surgical patients 
and to a normal person, all young men Venous blood samples Mere taken 
from the opposite arm, the blood treated noth heparin, and the plasma 
separated and deproteinized at once with tungstic acid (8) Free a-amino 
acids were determined immediately upon 6 ml aliquots by reaction with 
ninhydrin at pH 2 5 (6) The values were corrected for the effect of the 
urea present 30 or 40 ml aliquots of the tungstic acid filtrate a ere 
dialyzed in f inch cellophane tubes against 60 to 80 ml of water, accurately 
measured The water content of the wet cellophane tubes before filling 
was estimated by weighing The dialyses were earned out at 5° for 24 
hours on a slowly rotating wheel The largest possible ahquot of the dialy- 
sate was concentrated and hydrolyzed by acid, and analyzed for total 
diffusible a-amino acid nitrogen as desenbed before (9, 1) Portions of the 
measured urine output were similarly dialyzed and aliquots of the dialysate 
analyzed for both free and total a-ammo mtrogen All analyses were m 
replicate 

Properties of Peptides of Amigen — Analyses of amigen and hydrolysates 
thereof by the nitrous acid and mnhydnn methods made by Cox and 
Mueller 2 and by us indicate that one-third of the a-amino acids is bound, 
and that the average peptide contains 3 4 to 3 5 n-amino acid molecules 
Both the free and combined amino acids of amigen added to plasma could 
be recovered in picric acid filtrates and in tungstic acid filtrates, e g , 
for tungstic acid deproteimzation a-amino nitrogen was recovered as 


follows (mg per cent) 




Free 

Total 

Unmodified plasma 

3 74 

4 13 

Calculated, amigen -f~ plasma 

9 56 

13 43 

Found, amigen + plasma 

9 51 

13 34 


The latter deproteimzing agent was selected as the more advantageous 
The peptides of amigen diffused readdy through cellophane 


Personal communication 
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SUMM \.RY 

During the mtiavenous infusion of a paitial enzymatic hydrolysate of 
casein (amigen) into young men, conjugated a-amrno acids diffusible 
through cellophane were present m plasma in concentrations of 2 3 to 4 9 
mg per cent of nitrogen This peptidemia exceeded the rise in free ammo 
acids and persisted foi 3 to 6 houi s oi more after the infusions Loss of 
conjugated dulyzable a-amino acids in the urine duiing the period of in- 
fusion and a few succeeding hours i\as 36 to 53 per cent of that present in 
the material administered, while the loss of free amino acids was 2 4 to 6 
pei cent Hence the peptides of amigen as a group appeal to be less readily 
used by the tissues and moie poorly retained by the kidneys than are the 
fiee ammo acids 

We thank Dr J E Diorbaugh and Dr T M Mackenzie for their as 
sistance in the experiments 
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CYTOCHROME c IN REGENERATING RAT LIVER AND 
ITS RELATION TO OTHER PIGMENTS* 

By MARYLIZABETH W CRANDALL and DAVID L DRABKIN 

(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia ) 

(Received for publication, July 27, 1946) 

The development of satisfactory methods for the determination of cyto- 
chrome c in small amounts of tissue (1-3) has led to the accumulation of 
data upon the distribution and concentration of this important biocatalyst 
in various tissues of different species (1-7) Except for such information, 
nothing is known concerning the metabolism of cytochrome c We re- 
garded it desirable first to gam msight into the rate of production of this pig- 
ment A quantitative “depletion technique” of the type used so success- 
fully in Whipple’s laboratory (8) for the study of hemoglobin production 
is not available for a constituent of practically all aerobic cells As an 
approach m this direction we have applied the technique of partial hepatec- 
tomy and have secured data permitting the calculation of the rate of ap- 
pearance of new cytochrome c in the regenerating liver 

The early literature upon the regeneration (restoration) of the liver has 
been reviewed by Fishback (9) Ponfick (10) appears to be the first to have 
studied hver restoration after partial hepatectomy Interest m this experi- 
mental technique has been revived by the more modem, careful studies of 
Higgins (11), Brues (12, 13), and Marshak (14) and their collaborators 
These investigators were concerned largely with the cytological features 
of the restoration process, which has been established (12, 13) as true hyper- 
plasia (production of new tissue) in contrast to hypertrophy (enlargement 
of existing tissue) 

Biochemical investigations of gaseous exchange as a measure of rate of 
glycolysis (15), riboflavin content (16), and content of enzymes such as 
catalase, arginase (17), and cytochrome oxidase (18) have resulted in the 
conclusion that regeneratmg or restored hver, following partial hepatec- 
tomy, and adult normal liver appear to be chemically indistinguishable 
In contrast, embryonic and neoplastic livers have a high anaerobic glycoly- 
sis (15) and are low m certain essential biocatalysts (16-18) However, in 
none of this chemical work has attention been directed towards the quan- 

* The data m this paper are taken from the thesis to be presented by Marylizabeth 
W Crandall to the Faculty of the Graduate School of the University of Pennsylvania 
in partial fulfilment for the degree of Doctor of Philosophy, when all other require 
ments have been fulfilled 
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titative aspects of the restoration process The analytical data cannot be 
used to evaluate the rate of production, or other metabolic features, of the 
components measured Approaches to the use of partial hepatectomy as a 
metabohc technique have been made in studies of vitamin A (19) and 
plasma proteins (20) The work on vitamin A, a very readily mobilizable 
component of hver (19), has been limited to analyses m a very short post- 
operative period (3 to 4 hours), and therefore cannot be related unequivo- 
cally to the restoration process The investigation of Chanutm and col- 
leagues (20) was confined to the effect of partial hver excision upon 
the plasma proteins, presumably with no simultaneous study of changes in 
the proteins or other constituents of the hver dunng restoration 

In applying the partial hepatectomy technique to the study of the metab- 
olism of cellular components m the intact animal, it is essential that the 
experimental procedure be shown to be quantitatively reproducible Data 
will be presented from albino rats of our colony fully confirming earher 
' demonstrations (11-13, 15) of the relative constancy of relationship in this 
species between hver mass and body mass, and particularly between ex- 
cised lobes, remaining tissue, and total hver This constancy of anatomical 
relationships m hver, which now appears estabhshed in the rat, supplies the 
necessary base-hne for quantitative determinations The surgical excision 
of rat hver tissue is simple and rapid Owing to the distinctive multilobed 
character of the liver m this species (Fig 1), the operative procedure may 
be aptly designated as liver lobectomy The whole metabohc procedure is 
economical of time, since total regeneration (restoration) after removal of 
two-thirds of the hver occurs within 10 to 14 days in adult rats Thus, the 
measurement of the restoration of tissue components in the regenerating 
hver of the rat as a metabohc techmque has the desirable attributes of re- 
producibility, ease of apphcation, and economy of time 
Dunng the course of this work sufficient additional data upon the cyto- 
chrome c, myoglobin, and hemoglobin concentrations have been gathered to 
permit a reliable estimate and comparison of the total content m the body 
of the rat of these three main hemin denvatives Such data are of interest 
from the standpomt of the respective metabohc roles of the substances 
under consideration 


Experimental Methods 

Analytical Procedures — The concentration of cytochrome c in individual 
rat organs was determined by the direct micro spectrophotometnc method 
of Rosenthal and Drabkin (3) 1 The total cytochrome c of the body (Table 

1 We again use the molecular weight of 13,000, corresponding to Theorell's value of 
0 43 per cent for the iron content of pure cytochrome c (21) From their recently pub 
lished data we conclude that Keilin and Hartree (22) have demonstrated that the bio- 
catalytic activities of cytochrome c preparations with 0 34 and 0 43 per cent iron are 
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II) was obtained by a summation of values calculated from the analytical 
data for the individual organs of a representative 250 gm male rat The 
organ weights are approximations based upon three rats of this size from 
our colony 

The myoglobin u as extracted by a quantitative volumetric application 
(with appropriate use of dilution factors) of Morgan’s modification of 
Theorell’s method (23) The isolation was earned to the stage of separa- 
tion of hemoglobin and solution of the muscle pigment in 3 m phosphate buf- 
fer (Morgan (23)) The quantitative determination of the myoglobin m 
this solution w as by either of two procedures (1) The pigment \\ as totally 
converted to cyanmetmyoglobin 2 by the addition of ferncyamde and cya- 
nide, and the concentration determined spectrophotometncally, with the 
constant e (c = 1 mu per liter, referred to a molecular weight of 16,450, 
based on 0 34 per cent of iron, d = 1 cm ) = 11 3 at wave-length 540 m/j 3 
This procedure w as the basis for our denvation of the total myoglobin con- 
tent of the rat organism (Table III) (2) An alternative microprocedure, 
applicable to as little as 1 gm of muscle relatively rich in myoglobin, or to 
3 to 8 gm of myoglobin-poor muscle (as in the present work on the rat), 
has also been used (Table III) In this method the myoglobin in the 3 m 
phosphate buffer (extracted as! in Procedure 1) is transferred into aqueous, 
strongly alkaline pyridine The pyridine layer separates by stratification, 
and the myoglobin is determined spectrophotometncally after the addition 
of solid dithionite (Na 2 S 2 0i) as pyndme ferroprotoporphynn (reduced py- 
ridine hemochromogen), with e (c = 1 mu per liter, d = 1 cm ) = 29 1 at 
wave-length 557 mji (25) as a provisional constant The analysis is earned 
out with our 3 4 cm capillary cuvette-diaphragm technique (3) A more 
detailed account of these methods for myoglobin, developed by one of us 
(D L D ), wall be presented m a later communication 

The hemoglobin concentration was determined spectrophotometncally 
as cyanmethemoglobin, with the constant e (c = 1 msi per liter, d = 1cm) 


proportional to their iron content (equivalent per atom of iron) We have difficulty 
in accepting the argument of the English investigators that their data suggest that 
cytochrome c with 0 43 per cent of iron (mol wt 13,000) is a degradation product 
(rather than a purification) of the “natural” cytochrome c with 0 34 per cent of iron 
(mol w t 16,450) Keilin and Hartree (22) appear rather to have established the high 
biological activity of the lower molecular weight cytochrome c 

: An analogue of cyanmethemoglobin, with practically identical spectroscopic 
properties (24) 

1 In the notation « (c = 1 mw per liter, d — 1 cm ), e = (l/(c X d)) X log la/ 1, where 
the concentration, c, is expressed in mu per liter, the depth, d, in cm , the intensity of 
incident radiation, is 1 0, and the intensity of transmitted radiation, I, is expressed 
as a fraction of unity The value of the constant for the maximum of cjanmetmyo 
globin has been established upon an iron basis by one of us in other work (24), details 
of which will be reported separately 
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= 11 5 at wave-length 540 mu (26) The total hemoglobin of the animal 
(Table III) was calculated fiom (gm of hemoglobin pei 100 ml /100) x 
(plasma volume m ml )/(l — heniatocnt, wiitten as a fiaction of unity) 
The values for the concentiation of hemoglobin and hematocnt were in good 
agreement with eatliei extensive deteiminations of these quantities in the 
rat in oui laboiatoiy (27) The value of plasma volume is based upon a 
single deteimination with the dye T1824 (28), and should be regaided as an 
appioximation sufficient foi oui piesent puipose 



Fig 1 Stiuctural relationships of rat liver A, liver in situ B, w hole liver e\ 
cised with notched median lobe turned bach LL, left lateral lobe, which presents 
first at the partial hepatectomy operation, M, median lobe, RL, right lateral and cau 
dal lobes, P, pedicles of the left lateral and median lobes, to which ligatures are ap 
plied for excision of either the left lateral lobe alone or the left lateral plus the median 
lobe The linear dimensions are indicated by the cm scales 

Pailial Hepatectomy ( Livci Lobectomy ) — Ydult albino lats of 184 to 332 
gm in weight (aveiaging 150 to 200 days old) weie employed The ani- 
mals of oui laboiatoiy colony aie ongmally of Wistai Institute stock, in- 
bied foi many geneiations (22 yeais) undei the supei vision of Dx J H 
Jones The lats weie fasted pieopeiatively foi IS to ^4 horns The sui - 
gical technique wars simple, but complete asepsis w r as obseived After 
modeiate ethei anesthesia, enough to pioduce complete lelaxation, the 
abdomen from the sternal legion down was shared and stenhzed The 
abdomen was then opened by means of a longitudinal, mid-line incision 
from ovei the xiphoid piocess caudally foi about 3 to 4 cm The desired 
left lateral oi left lateial and median lobes weie leadily dehveied These 
lobes are on sepaiate pedicles ( P , Fig 1) to which a hemostat was applied 
A silk ligatuie was fiimly tied aiound one oi both pedicles beyond the hemo- 
stat, depending on whether the left lateial lobe alone (in most of our ex- 
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penments) or the left lateral and median lobes Mere to be removed By 
division of the pedicle, the lobe or lobes were then excised and transferred 
to a small air-tight vessel (such as a weighing bottle), previously provided 
on its bottom with a piece of filter paper dampened with 0 9 per cent NaCl 
(This provision is to prevent dehydration by evaporation before weighing 
the excised tissue) The anesthesia Mas now usually stopped, and the 
abdomen closed by silk sutures, the peritoneum and muscle layer with a 
baseball stitch, and the skin layer separately \ ith interrupted sutures about 

inch apart The incision area was coated lightly with Whitehead’s var- 
nish For the 1st postoperative day the animals were kept in a M'arm room 
(temperature about 27°) The whole surgical procedure took no more than 
10 minutes and Mas free from mortality However, some caution is ad- 
visable Rat liver is rather fnable, and must be handled gently Also, 
care must be taken to avoid including a portion of the remaining nght lateral 
lobe in the ligation Bandages or adhesive tape should not be used during 
m ound healing 

Since the terminology for the lobes of rat liver is not consistent, we follow 
that used by Higgins and Anderson (11) Fig 1, A and B, is given for 
orientation 

As quickly as possible after the operation the excised liver lobe or lobes 
were rinsed with water, adhering fluid was blotted off with filter paper, and 
the tissue accurately weighed The determinations of cytochrome c, dry 
weight, and protein-bound phosphorus Mere then carried out on accurately 
weighed aliquots Dry weight was obtained by heating 50 to 60 mg of 
minced tissue m micro crucibles for 2 hours at 100°, followed by cooling in a 
desiccator over CaCl 2 Protem-bound phosphorus as an index of cellulanty 
was determined as descnbed by Rosenthal and Drabkin (6) 

After a period of 14 days, the interval of time which has been found (11, 
12) adequate for complete restoration of the liver, the rats were sacrificed 
by stunning, followed immediately by decapitation This procedure af- 
forded moderately good exsanguination The entire restored liver was 
removed, treated as above, and accurately weighed Analytical data Mere 
secured not only on the regenerated liver, but also on the heart, kidney cor- 
tex, and skeletal muscle of each ammal During 13 days of the restoration 
process the rats Mere maintained either on a modified Steenbock stock diet 
(29), 4 adequate in protein, or on an enriched protem diet, the stock diet 
bolstered with casern 4 The animals were then fasted for 1 day before the 
termination of the expenment This was deemed necessary to assure com- 

4 Stock diet, ground yellow corn 74, linseed oil meal 16, crude casein 5, alfalfa 2, 
NaCl 0 5, CaCO, 0 5, and yeast 2 parts per hundred This diet affords approximately 
20 per cent of protein (personal communication from Dr J H Jones) The enriched 
protein diet was the atock diet 80 parts plus casein (80 per cent protem) 20 parts 
This mixture afforded approximately 32 per cent of protem 
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Table I 


Concentration ( C ) of Cytochrome c tn Micrograms per Gm of Wet Weight of Tissue in 
Control Rats, Fasted 18 to 84 Hours 


Rat No 

Sex 

Body 

weight 

Liver j 

! ' Heart 

Kidney cort« ^ 

Skeletal muscle 

c 

IK D • 

C 

IK D* 

C 

IK £>• 

c 

IK D' 



sm 




1 


1 


m 

i 

M 

223 





102 


61 


2 

F 

195 



399 

3 95 

812 

4 10 

55 


3 

M 

179 



528 

4 45 

413 

3 56 

93 

3 90 

4 

it 

272 



600 

4 30 

337 

3 67 

86 

3 78 

5 

it 

437 



414 

4 68 

106 

4 39 

97 

381 

6 


362 



443 

4 55 

349 

4 10 

93 


7 


361 



206 

4 24 

181 

3 82 

64 


8 

it 

384 



508 

4 05 

390 

3 95 

60 

4 01 

9 


415 



377 

4 18 

460 

3 82 

128 

3 78 

10 

■a 

283 



434 

4 45 

408 

3 97 

113 

3 76 

11 


334 



455 

4 36 

385 

4 23 

83 

3 81 

12 

D 

227 



494 

4 52 

309 

3.97 

131 

3 91 

13 

mm 

291 



495 


430 


137 

3 76 

14 

a | 

231 



490 

4 19 

533 

4 02 


3 78 

15 





574 

4 12 

259 

4 16 

134 


16 

M 

328 



478 

4 24 


3 76 

125 

3 90 

17 

ii 

232 

296 

3 03 

429 

4 08 

319 

4 17 

135 

3 82 

18 

ti 

300 



397 

4 27 

490 

4 17 

147 

4 05 

19 

F 

192 

164 

4 40 

425 

4 76 

431 


114 

4 38 

20 

M 

314 

193 

3 15 

498 

4 01 

342 

4 13 

56 


21 

ii 

306 

273 

3 36 

478 


400 

4 55 

48 

3 44 

22 

mm 

278 

285 

3 28 

348 

4 20 

369 

4 27 

106 

3 87 

23 

1 ->• 

306 

257 

3 18 

312 

4 82 


3 98 

98 

3 89 

24 

“ 

292 

329 

3 33 

474 

4 66 

347 

4 42 

114 

4 01 

25 

mm 

297 

260 

3 07 

467 

4 26 

358 

4 00 


3 85 

26 


357 

334 

3 04 

440 

4 45 

407 

4 29 

84 

3 89 

Hit 

F 

184 

96 

3 77 







H2f 

I it 

190 

159 

3 46 





1 


H3f 


198 

131 

3 38 







H4t 

I ; 

201 

105 

3 34 







H5f 

■ . -S ’ 

267 

218 

3 68 







H6t 

1 

268 

180 








H7t 


221 

181 

4 01 







H8f 


288 

268 

3 43 







H9t 

it 

332 

290 

3 37 







Mean ± s e t 

223 

3 43 

447 

4 34 

352 

4 07 

98 

3 89 




±18 


±16 


±21 

±0 05 

±6 

±0 01 


* W D => wet weight to dry weight ratio of tissue 

t Rats HI to H9 are the partially hepatectomized series These analyses are on 
the liver tissue excised at operation 
J Standard error = \/ Zd 3 /n(n — 1) 
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parable conditions of alimentation (which affects the composition of “stor- 
age” tissues like liver (30)) in the pre- and postregeneration periods 

Results 

Our data upon the cytochrome c concentration of liver, heart, kidney 
cortex, and skeletal muscle of thirty-five “control” fasted rats are collected 
m Table I The values for cytochrome c in hver lobes excised (“internal 
controls”) in the partially hepatectomized senes (Rats HI to H9) are in- 
cluded No difference in the cytochrome c content is apparent from the 
values obtained m hver from these animals and from non-operated, normal 
fasted rats (compare the analyses of Rats HI to H9 with Rats 17 to 26) 
Similar wet weight to dry weight ratios, W D, are also apparent in these two 
groups of animals While it is convenient in the present work to express 
the cytochrome c concentrations on a wet weight basis, the W D ratios are 
supplied as an index of the water content of tissues, which is evidently quite 
constant m our senes of analyses 

The present values for cytochrome c agree well with those previously re- 
ported from our laboratory (3, 6) for rat hver, heart, and kidney cortex 
The results for hver not only confirm the earlier high values, but mdeed 
are somewhat higher as well as more consistent In these fasted animals, 
in contrast to those previously used (3, 6), solutions of isolated cytochrome 
c relatively free from turbidity were regularly obtained This finding ap- 
pears to support the conclusion of Rosenthal and Drabkin (3) that lower 
values for the pigment and presence of turbidity are in part attributable to 
the content of glycogen As before, while analyses for the cytochrome c 
of rat heart and kidney cortex are of the same magnitude as those found by 
other investigators (1, 2), our results for hver are markedly higher One of 
us (D L D ) has examined a number of rat hver extracts, prepared accord- 
ing to Rosenthal and Drabkin (3), m which simultaneous analyses for cyto- 
chrome c were earned out by a slightly modified (for adjustment to larger 
quantities) Potter-DuBois kidney succinic dehydrogenase technique (2) 
and by our direct micro spectrophotometnc method, NaaSjOi being em- 
ployed for reduction (3) Similar results were yielded by the independent 
analytical procedures Hence our values for cytochrome c in hver, signifi- 
cantly higher than those reported by the Wisconsin workers (2), cannot be 
asenbed to differences m the spectrophotometnc steps of the analytical 
methods 

In Tables II and III, which are self-explanatory, the data required for 
the estimation of the total cytochrome c, myoglobm, and hemoglobm of the 
rat (reference body weight 250 gm ) are recorded The quantities m 
descending order of magnitude are hemoglobm 3190 mg , myoglobm 101 
mg , and cytochrome c 14 4 mg The ratio of hemoglobm to myoglobm to 
cytochrome c is hence 222 7 1 m this species It is of interest that, while 
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the concentration of cytochrome c is high in rat tissues (Rosenthal and 
Drabkm (6)), the concentration of myoglobin appears to be quite low in 
comparison with othei species (dog, Whipple (31)) Whether any special 

Table II 

Total Cytochrome c Content of Young , Adult, Male Albino Rat, Fasted 18 to 84 Hours 


The values are calculated from analytical data for a reference body weight of 
250 gm 



Weight of 
organ* 

Per cent of 
body weight 

Cytochrome e 

Organ 

Per gm j 
tissue 
wet weight 

Total in 
organ 

Skeletal muscles 

gm 

113 0 

45 2 

7 

98 1 

7 

11,080 

Liver 

6 50 

2 6 

223 f 

1,450 

Kidneys 

1 63 

0 65 

352f 

573 

Abdominal organs! 

20 8 

8 3 

18§ 

374 

Skin 

46 5 

18 6 

8§ 

372 

Heart 

0 73 

0 29 

447 f 

326 

Brain 

1 93 

■KB 

82|| 

158 

Blood 

20 211 

MB 

1 3§ 

26 

Testes 

2 50 

mSm 

10 2§ 

26 

Lungs 

1 42 

0 57 

5 2|| 

7 

Skeleton 

26 3 

10 5 

** 


Rest 

8 49tt 

3 4 

** 


Total 

; 250 

100 


14,392 


* Except for the blood, based upon measurements of three male fasted rats of 
approximately 250 gm each 

t Mean values of analyses reported in Table I 
I Exclusive of liver and kidneys 

§ Data on aliquots from pooled tissue specimens of the rats used for the deter 
mination of organ weights 

|| Data of Rosenthal and Drabtin (6) 

H Calculated from a plasma volume determined with the dye T1824 (28) in one 
animal = 9 98 ml , hematocrit = 48 per cent, and specific gravity = 1 05 

** Cytochrome c concentration not determined, assumed to be negligible in these 
tissues 

tt The difference between the total body mass of 250 gm and the summation of 
the other components 

significance may be attached to this apparent reciprocal relationship of 
cytochrome c and myoglobin in the rat must await data on these relation- 
ships now being gathered for other species (dog, horse, and man) in our 
laboratory Although the cytochrome c concentration (Table I) is highest 
in rat heart and kidney, the liver and muscles (Table II) contain nearly 90 
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per cent of the total cytochrome c (12 53 out of 14 39 mg ), and the muscles 
alone, with a relatively low concentration of the biocatalyst, contain, be- 
cause of their large share of the total mass of the organism, nearly 80 per 
cent 

Data upon the concentration of cytochrome c in excised liver and in the 
restored liver of nine partially hepatectomized rats are presented in Table 
IV Supplementary data are also given for heart, kidney cortex, and 
muscle of these animals It is evident that the concentrations of cyto- 
chrome c m the various tissues, including liver, of rats subjected to the ac- 


Table III 

Total Myoglobin and Hemoglobin Contents of Young, Adult, Male Albino Rat of 250 Gm 

Body Mass 


Organ 

Weight of 
organ 

Volume of 
organ 

Myoglobin 

Hemoglobin 

Per gm 
tissue t 
wet weight 

Total in 
organ 

Per 100 
ml tissue 

Total in 
organ 


gm 

ml 

mg 

mg 

gm 

gm 

Skeletal muaclea 

113 0 






Heart 

0 73 


■ 

■ 



Blood 

20 2 

19 2t 



16 6 

3 19 § 

Total in body 

101 


3 19 


* See Table II 

t Analyses by Procedure 1 (see “Experimental methods”) on 80 and 6 02 gm of 
pooled skeletal and cardiac muscle respectively from six rats Individual analyses 
on muscle of hind limb from Rats 8, 9, and 15 (Table I) by the micro spectropho 
tometnc technique (Procedure 2, ‘ Experimental methods”) were respectively 
0 50, 0 68, and 0 57 (mean = 0 58) mg per gm of wet weight of tissue 

I Calculated from plasma volume 9 98 ml and hematocnt 48 per cent (Table II) 

§ For calculation see “Experimental methods ” 


tive hyperplastic process in liver, following its partial excision, weie similar 
in magnitude to corresponding values in the controls (Table IV, n values 
for liver, and Table I for the other tissues) The sex had no influence on 
the results The restored liver had a slightly, but significantly, low er w atei 
content (IV D ratios, Column 5) than that of corresponding excised (con- 
trol) liver tissue While the difference in the means of the IF D values for 
excised and restored liver is only -0 30 (3 55 - 3 25), this difference is 
statistically significant Tested by Fisher’s method (32), the individual 
differences in IF D ratios yield a value of t = 0 30/0 072 (the standard error 
of mean differences) = 4 16 This value corresponds m Fisher’s table of 
t (32) to a probability, P, of less than 0 01 that the difference in the means 
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is a matter of chance Deviating m the opposite direction from the water 
content was the protein-bound phosphorus (Column 6, Table IV), which 

Table IV 


Concentration (C) of Cytochrome c in Liver and Other Tissues of Rats Subjected to 

Partial Hepatcclomy 


Rat No • 

(1) 

Sex 

(2) 

Body 

weight 

(3) 

Liver 

Heart 

Kidney cortex 

Skeletal muide 

C, wet 
weight 

W D\ 
(5) 

P Jwet 
weight 

C, wet 
weight 

IV D 

(8) 

C, wet 
weight 

1 V D 
(10) 

C, wet 
weight 
(11) 

IV D 
(12) 




y per 


y pc' 

y P‘f 


y P" 


y pn 





&m 


gm 

1™ 


gm 


gm 


HI (n) 

F 

184 

96 

3 77 

921 







HI (r) 


196 

187 

3 48 

950 

713 

4 74 

294 

3 79 

121 

3 98 

H2 (n) 

xx 

190 

159 

3 46 

839 







H2(r) 


187 

214 

3 15 

1020 

468 

4 48 

293 

4 05 

83 

3 99 

H3 (n) 

it 

198 

131 

3 38 

1005 







H3 (r) 


191 

154 

3 01 

1130 

360 

3 98 

228 

4 40 

101 

4 00 

H4 (n) 

xx 

201 

105 

3 34 

704 







H4(r) 


201 

191 

3 14 

1130 

496 


309 

3 65 

119 

4 03 

H5 (n ) 

M 

267 

(218) 

3 68 

1012 







H5(r)§ 


273 

(174) 


1002 

381 

4 20 

371 

4 01 

125 

3 99 

H6 (n) 

XX 

268 

180 


891 







H6 (r )§ 


281 

184 

3 36 

1090 


4 21 

403 

4 37 

113 

4 18 

H7(n) 

XX 

221 

181 

4 01 

1020 







H7 (r )§ 


247 

203 

3 33 

979 

392 

4 96 

375 

4 23 

90 

4 07 

,H8 (n ) 

XX 

288 

268 

3 43 

1060 







H8 (r) 


275 

265 

3 22 

1120 

385 

4 58 

457 

4 24 

117 

3 99 

H9 (n ) 

XX 

332 

290 

3 37 

981 







H9 (r) 


321 

289 

3 30 

1090 

394 

4 22 

386 

3 94 

121 

4 05 

Mean ± s e || 

239 

176 

j] 

937 


M* 


■ 



(n) 



±25 


±37 


1 ■ 





Mean ±se 

241 

211 

3 25 

1057 

449 


346 


110 

4 03 

(r) 



±16 

±0 05 

±23 

±41 

RSI 

±23 


±5 

±0 02 


* The letters in parenthesis, (n ) and (r ), designate respectively the analyses on 
the excised liver (“internal controls”), and on the tissues of the same rats 14 days 
postoperatively (full restoration of liver) 
t IF D = wet weight to dry weight ratios 
t P = protein-bound phosphorus (6) 

§ Rats H5, H6, and H7 were on the enriched protein diet, the other rats wero on 
the stock diet (see foot-note 4) 

|| Standard error = \/ 2 d J /n(n — 1) The \ alues (m parentheses) for cytochrome 
c in the liver of Rat H5 were excluded in calculating the means, since the analysis 
for cytochrome c in the restored liver of this animal (r value) is regarded to be 
faulty (see the text) 

was in seven out of nme rats somewhat higher m the restored hver The 
difference in the mean values for protein-bound phosphorus of restored and 
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excised liver was +120 (1057 — 937) Tested by Fisher’s method, this 
difference was found to be within the border line of statistical significance, 
with t = 120/47 = 2 56, and P = less than 0 05 Hence it must be con- 
cluded from the protein-bound phosphorus analyses that the restored liver, 
even after 14 days of regeneration, had a slightly higher cellulanty (6) than 
the original hver tissue It may be noted that the cytochrome c concen- 
tration (Column 4) shows a change in a direction similar to that of the pro- 
tein bound phosphorus In only one animal, Rat H5, is the value for cyto- 
chrome c concentration in the restored hver appreciably lower than in the 
excised tissue This result is probably analytically erroneous When the 
results on this rat are excluded, the difference in means for cytochrome c 
m restored and excised hver is +35 (211 — 176) and is significant, accordmg 
to Fisher’s criterion (f = 2 59, P = less than 0 05) It also appears signif- 
icant that the mean values for cytochrome c concentration per microgram 
of protein-bound phosphorus are similar m restored and excised hver (211/ 
1057 = 0 200, and 176/937 = 0 188 y respectively) 

The following values with their standard errors illustrate the constancy 
of structural relationships of the hver m the young adult rats of our colony 
In four fed females, weight of individuals from 254 to 283 gm , the total 
hver = 3 13 ± 0 10 per cent of the body weight, while the left lateral lobe = 
34 4 ± 0 7, the median lobe = 33 7 ± 0 8, the right lateral and caudal lobes 
= 31 9 ± 0 9, and the left lateral plus the median lobe = 68 1 ± 0 9 per 
cent of the hver mass In animals fasted 18 to 24 hours (ten males and two 
females), weight of individuals from 182 to 357 gm , the total hver = 2 62 
± 0 04 per cent of the body weight, while the left lateral lobe = 36 2 ± 0 2, 
the median lobe = 32 2 =fc 0 2, the right lateral and caudal lobes = 31 6 =fc 
0 2, and the left lateral plus the median lobe = 68 4 ± 0 2 per cent of the 
hver weight It may be noted that fasting for 18 to 24 hours markedly al- 
tered the percentage hver of body mass, and the standard errors suggest 
that appreciably closer agreement of values was obtained in the fasted ani- 
mals This is not surprising, since variations are recognized to exist in 
storage substances of growing animals fed ad libitum s In fasted rats our 
value for the percentage mass of the left lateral plus the median lobe is in 
excellent agreement with that reported by Brues el al (12), who concluded 
that the relationship of total hver to individual lobes is a safer base hne to 
employ in the interpretation of the quantity of regeneration than is the ratio 
of body mass to hver mass 

In Table V calculations, based on the data m Table IV and those given 
above in the text, are recorded for the quantity of new cytochrome c which 
has appeared m the regenerating hver m a postoperative period of 14 days 

5 Dr H M Vars has found (personal communication to us) that in similar rats 
fasted for 18 to 24 hours the glycogen is low (of the order of 0 5 to 0 6 per cent) and 
quite constant 
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It is obvious from the values m Table V that from our data the same con- 
clusions could be derived whether the weight of the original hver was taken 


Table V 


Quantity of New Cytochrome c m Hal Liver after 14 Days of Restoration 


Rat 

No 

Body 

weight 

(initial) 

Amount 
of liver 
excised 

Weight of 
original 
hver 
(4) 

Amount of 
remaining 
liver 
(5) 

Cytochrome c 

in remaining 

lwcrt 

(6) 

Weight 
of re- 
stored 
liver 

Total 
P>g , 
ment§ 

o) 

(2) 

P) 

(a)* 

(»)t 

M 

(*) 

(a) 

(6) 

0) 

(8) 



gm 

gm 

gm 


gm 

y 

7 

gm 

7 

HI 


2 47 

4 82 

3 61 


1 14 

226 

109 

6 01 

1123 

H2 


3 01 

4 98 

4 40 

1 97 


313 

221 

4 01 

858 

H3 

EH 

1 76 

5 19 

4 86 

3 43 


449 

106 

3 61 

556 

H4 

201 

1 52 

5 27 

4 20 

3 78 

2 68 

397 

282 

5 38 

1028 

H5 

267 

2 65 


7 32 

4 35 

4 67 

949 

tm 

6 14 

1069 

H6 

268 

2 91 


8 12 

4 09 

5 18 

737 

933 

6 93 

1275 

H7 

221 

2 42 

5 79 

6 68 

3 37 

4 26 

610 

771 

5 65 

1147 

H8 

288 

2 84 

7 55 

7 57 

4 71 

4 73 

tm 

tm 

5 99 

1588 

H9 

332 

3 11 

8 70 

8 59 

5 59 

5 48 

1621 

1590 

7 51 

2170 


Mean If 

Rate, per day, of appearance of new cytochrome c 


1313 


Cytochrome c m 
restored liver 

New pigmenttt 
(9) 

(«) 

0) 


per 


per 


cent 


cent 

897 

79 8 

ns 

90 2 

515 


637 

74 2 

107 

19 2 


UM 

631 

61 4 

746 

72 6 

120 

11 2 

49 

4 6 

538 

42 2 

312 

26 8 

537 

46 8 

376 

32 8 





■pm 




Biy/i 

i 

571 

S3 

Q 

1 

41 

3 5 


* Values in columns labeled (a) calculated on the basis of the weight of the ong 
inal hver = 2 62 per cent of body weight (see the text and Column 2, this table) 
t Values in columns labeled (0) calculated on the basis of percentage of liver 
tissue excised (from the relationship of lobes to total hver given in the text) In 
Rats HI and H2 both the left lateral and the median lobes were removed, or 68 4 
per cent was excised (see the text) , in the remaining animals only the left lateral 
lobe (= 36 2 per cent) was removed 

t Calculated by multiplying the values for concentration of cytochrome c in 
excised hver (n values in Table IV, Column 4) by the corresponding weights of 
remaining liver tissue (Column 5, this table) 

§ Calculated by multiplying the values for the concentration of cytochrome c in 
restored hver (r values in Table IV, Column 4) by the corresponding weights of the 
total restored hver (Column 7, this table) 

|| Total pigment (Column 8) minus corresponding values for cytochrome c in 
remaimng hver tissue (Column 6) 

If Data from Rats H3 and H5 were excluded in calculating the means In Rat 
H3 the amount of restoration of hver was abnormally low, in Rat H5 the analytical 
value for cytochrome c concentration in the restored hver is thought to be erroneous 
(see the text) 


as a fixed percentage of body weight (columns (a)) or was based on a definite 
relationship of individual lobes to total hver (columns (b)) The rate of 
appearance of new cytochrome c m the regenerating liver was found to 
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average 41 y per day This was equivalent to a daily increment in pig- 
ment of 3 5 per cent, and was of the same magnitude (peicentage basis) 
as the increase in new liver tissue For unknown reasons, in one rat (No 
H3) appreciable restoration of the liver failed to occur In another animal 
(Rat HI) the restored liver had an appreciably larger weight than that 
calculated for the original In er This phenomenon of the regeneration pro- 
cess has been observed previously (11) 

DISCUSSION 

The technique of partial hepatectomy may serve not only foi the study 
of the metabolism of tissue constituents (as in the present work), but also 
m the elucidation of cellular regeneration, a phenomenon of the utmost im- 
portance For both purposes an obvious approach is a study of the 
influence of the diet In the experiments reported here (Tables IV and V) 
dietary considerations were minor No difference was observed on an 
adequate protein (20 per cent) and on an ennched protein (32 per cent) 
diet, either in the rate of regeneration or in the rate of appearance of new 
cytochrome c 

In describing the phenomenon of increase in total cytochrome c of hvei 
which occurred in the process of tissue restoration, we have used the phrase 
rale of appearance of new cytochrome c in liter rather than rate of production 
of cytochrome c We did not employ the latter description since we wished 
to avoid the suggestion that the present experiments have demonstrated a 
production de novo of cytochrome c m the body It may be that cy- 
tochrome c had been manufactured from its building stones m the newly 
formed liver tissue There are indirect arguments m favor of this possi- 
bility (1) The concentration of cytochrome c and the cellulanty (protein- 
bound phosphorus, discussed above) are proportional (2) The concentra- 
tion of the pigment is similar m restored and in normal, adult liver This 
similarity of concentration m regenerated and normal liver has been found 
(17) to hold also for arginase, an exclusive constituent of liver (3) No 
evidence exists that a protem such as cytochrome c can migrate from one 
tissue to another On the other hand, cytochrome c is an unusual protein 
of low molecular weight (21), with a universal distribution in the cells of all 
aerobic tissues While an appreciable amount (571 y, Table V) of new 
cytochrome c had appeared in the liver m 14 days of restoration, and while 
the concentration of cytochrome c in heart, kidney, and skeletal muscle had 
remained unaltered following partial hepatectomy (compare the values in 
Tables I and IV), it may be questioned whether the new r pigment in liver 
had not been preformed m another tissue The only tissue from which 
cytochrome c could have been mobilized, without detection by our analyti- 
cal procedure, is the skeletal muscle The latter contams a total of 11,080 
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y of cytochrome c (Table II) The amount of new pigment in liver is only 
5 2 per cent ((571 X 100)/11,080) of the above quantity Special tech- 
niques will be required to settle the issue whether cytochrome c can be 
transferred from one tissue to another 
The rate of appearance (41 y per day, or a daily increment of 3 5 per cent, 
Table V) of cytochrome c in regenerating liver is not small on a percentile 
basis when compared to the rate of production of hemoglobin with Wlup- 
ple’s depletion techmque (8) Hemoglobin formation under the stimulus 
of constant blood withdrawal is of the order of 1 gm per kilo per day (33) 
Assuming a blood volume of 8 per cent and a hemoglobin concentration of 
20 gm pel 100 ml of blood (8), the percentage of new hemoglobin formed 
per day m Whipple’s dogs is 6 3 Our percentage of 3 5 for the daily in- 
crement m cytochrome c in regenerating liver, therefore, is not materially 
different in magnitude from the percentile daily increment m hemoglobin 
in animals kept depleted of the blood pigment It is also probable that 
higher values than 3 5 per cent might have been obtained had analyses been 
performed in the first few days after hver excision, when the rate of regen- 
eration is appreciably greater (12, 13, 15) 

Special attention may be called to the protein-bound phosphorus index 
of “cellulanty ” Rosenthal and Drabkin (6, 34) applied this index to the 
determination of the concentration of cytochrome c, and found that the con- 
centration of cytochrome c m malignant tissues deviated most markedly 
from that of normal tissues when the concentration of the pigment was ex- 
pressed per unit of protein-bound phosphorus (6, 34) In the case of neo- 
plastic growths increased cellulanty was accompanied by decreased cyto- 
chrome c concentration This is in stnkmg contrast with the hyperplastic 
process which follows partial hver excision Here we have found small 
though significant increases in cytochrome c concentration and m protein- 
bound phosphorus, but both quantities have the same relationship to each 
other in the restored and in the excised, control hver tissue Dunng the 
course of our studies it was reported by Raska (35) that a material increase 
m cytochrome c concentration occurred in the remaining, hypertrophied 
kidney after unilateral nephrectomy in dogs However, when Raska’s 
values are related to protein-bound phosphorus, which he also determined, 
the change in cytochrome c concentration does not appear significant 
Thus, the changes in cellulanty which accompany the processes of hyper- 
plasia and hypertrophy seem to differ strikingly from the neoplastic process 
in regard to the relationship of cytochrome c and the protein-bound phos- 
phorus The possible use of the protein-bound phosphorus as a chemical 
mdex of malignancy appears worthy of further investigation 

We are indebted to Dr Otto Rosenthal of the Harrison Department of 
Surgical Research for carrying out the analyses of protein-bound phos- 
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phorus, and to the above department for the use of their surgical facilities 
We are also grateful to Miss Ann Claire Barnett for technical help in some 
of the determinations of myoglobin 

SUMMARY 

Partial hepatectomy in the rat has been suggested as a useful, reproduc- 
ible technique in the investigation of the metabolism of tissue constituents 

By the above means the cytochrome c in the regenerating hver has been 
studied In a postoperative period of 14 days, allowing complete restora- 
tion of tissue, the total increase m new cytochrome c was 571 y, or a daily 
increment of 41 y The rate of appearance of cytochrome c in the regen- 
erating liver was 3 5 per cent per day This rate compares favorably on 
a percentile basis with that of the production of hemoglobin in dogs de- 
pleted by hemorrhage (8, 33) 

In the appraisal of the results in hver supplementary data were obtained 
on the cytochrome c and water contents of other tissues, heart, kidney cor- 
tex, and skeletal muscle 

The protein-bound phosphorus as an mdex of cellulanty (6) was deter- 
mined in the excised and restored hver tissue, and its value in the interpre- 
tation of the findings has been discussed 

Sufficient analytical data have been accumulated to permit a reliable es- 
timation of the total cytochrome c, myoglobm, and hemoglobin of a young, 
adult albino rat (reference body weight 250 gm ) The quantities in 
descending order were hemoglobin 3190 mg , myoglobm 101 mg , and cyto- 
chrome c 14.4 mg The ratio of these mam hemm derivatives is therefore 
222 7 1m this species 
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ISOLATION AND PROPERTIES OF IIYDROLECITHIN (DIPAL- 
MITYL LECITHIN) FROM LUNG, ITS OCCURRENCE IN THE 
SPHINGOMYELIN FRACTION OF ANIMAL TISSUES* 

ByS J THANNHAUSER, JOSEPH BENOTTI, and NICHOLAS F BONCODDO 

(From the Boston Dispensary, the Joseph H Pratt Diagnostic Hospital, and 
Tufts College Medical School, Boston) 

(Received for publication, September 23, 1946) 

Sphingomyelin prepared and purified by the usual methods (1-4) was 
shown to be hydrolyzed enzymatically by calves’ liver extracts to ceram- 
ldes (hgnoceryl sphingosine), phosphonc acid, and choline (5) The 
only fatty acid formed during the enzymatic hydrolysis w as found to be 
palmitic acid It was demonstrated that the fatty acid groups present 
m sphingomyelin in — NH — OC R linkage (like hgnoceryl sphingosine 
m ceramides) are not split off by the liver enzyme The palmitic acid 
must therefore have originated from another source At that time the 
possibility was considered that a part of the sphingomyelin contains 
palmitic acid in ester linkage with its free hydroxyl group The correct- 
ness of this assumption became doubtful when all attempts to isolate a 
sphingomyelin palmitic acid ester were unsuccessful In further search 
for the source of palmitic acid we analyzed our sphingomyelin samples 
for glycerol according to the micromethod of Bli\ (6) It was found that 
all samples of so called pure sphingomyelin contained considerable 
amounts of glycerol (7) Similar experiences were reported at the same 
time by Klenk and Rennkamp (8) The glycerol-containing substance 
could not be removed by exhaustive ether extraction or by repeated re- 
crystallization of sphingomyelin from various solvents Since the 
amount of the total phosphorus of these preparations was in agreement 
with that present in phosphatides, the most plausible explanation for the 
presence of glycerol as well as that of palmitic acid in ester linkage was 
the assumption that, together with the sphingomyelin, a saturated ether- 
insoluble monoaminophosphatide was present This assumption was 
all the more appealing since Lesuk and Anderson (9) reported the isola- 
tion of a saturated, ether-insoluble lecithin from the lipide mixture of the 
larvae of Cysticercus fasciolaris, demonstrating for the first time the 
presence of a saturated lecithin in animal lipide mixtures The isolation 
of hydrolecithin from the lipide fraction of Cysticercus fasciolaris larvae 

* This study was aided by grants from the Rockefeller Foundation, the Godfrey 
H Hyams Trust Fund, the Bingham Associates Fund, and the Charlton Fund 
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proved to be a relatively simple procedure, since sphingomyelin was not 
found to be present 

Our efforts to isolate hydrolecithin from the sphingomyelin fractions 
of higher animals had to overcome very great experimental difficulties, 
owing to the almost identical behavior of both substances toward organic 
solvents and to the lack of an expedient and sensitive analytical method 
for their determination Only the observation that sphingomyelin is 
resistant to N sodium or potassium hydroxide at 37°, in contrast to hydro- 
lecithin which is completely hydrolyzed under those conditions, made it 
possible to devise a simple guiding test for the development of the pre- 
parative procedure (10) Under control of this analytical method, the 
ether-insoluble lipide material was repeatedly fractionated with acetone 
containing small amounts of glacial acetic acid Finally a crystallized 
monophosphatide was obtained which v as identified as dipalmitolecithm 
by the results of the elementary analysis and by the identification of its 
hydrolysis products 

The work reported m this paper was carried out with beef lung, since 
the composition of its ether-insoluble hpide fraction offered more favor- 
able conditions for the isolation of the ether-insoluble phospholipides 
than did brain In particular, the lipides of lung contain only small 
amounts of cerebrosides w r hose abundance in brain represents the mam 
difficulty encountered in the fractionation and isolation of the ether- 
insoluble phospholipides of this organ Lung contains much larger 
amounts of sphingomyelin and hydrolecithin than the other large animal 
organs except brain 

Hydrolecithm was also found to be present in the sphingomyelin frac- 
tion of brain and spleen It is under investigation w hether or not the 
hydrolecithms of brain and spleen are identical with the dipalmityl 
lecithin of lung 

EXPERIMENTAL 

Analytical Methods foi Determination of Hydrolecithm Content of 
Sphingomyelin Fractions 

The fractionation of sphingomyelin for the isolation of hydrolecithm is 
accomplished by the application of the analytical micromethod of 
Schmidt, Benotti, Hershman, and Thannhauser (10) for the estimation of 
monoaminophosphatides and sphingomyelin In this publication it is 
shown that monoaminophosphatides are totally hydrolyzed by mild 
saponification at 37°, while diammophosphatides are stable under such 
conditions Prior to the fractionation for the preparation of hydro- 
lecithm, the lipide material is alw ays exhaustively extracted wuth ether 
for the removal of the ether-soluble monoaminophosphatides For this 
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reason the amount of acid-soluble phosphorus compounds obtained after 
saponification of the ether-insoluble hpide material originates exclusively 
from ether-insoluble monoaminophosphatides and therefore indicates the 
amounts of hydrolecithin present in the hpide fraction analyzed The 
analytical procedure is as follows 

25 mg of material are dissolved in 10 cc of petroleum ether-methanol 
(9 1) Aliquots of 1 and 2 cc respectively are used for the determina- 
tion of the total and of the saponifiable phosphorus Both aliquots are 
evaporated to dryness The former is ashed according to the method of 
Fiske and Subbarow , while the latter is dissolved in 0 2 cc of hot ethanol 
and emulsified in 5 cc of n KOH at room temperature The emul- 
sion is shaken for 24 hours at 37° The saponification is stopped by 
adding 1 cc of 6 n HC1 and 5 cc of 10 per cent trichloroacetic acid 
This procedure precipitates the sphingomyelin together with the fatty 
acids originating from the hydrolysis of the monophosphatides After 
standing for 20 minutes, the solution is filtered A 3 cc aliquot of the 
clear filtrate is ashed and the P is determined This phosphorus fraction 
(the acid-soluble P obtained after saponification) will be designated as 
saponifiable phosphorus in the follow mg description It indicates the 
phosphorus content of the monophosphatides present in the original 
hpide sample and is conveniently expressed in per cent of the total phos- 
phorus of the original sample Since the non-saponifiable P is identical 
with that of the sphingomyelin, the difference between the total and the 
saponifiable P represents the amount of sphingomyelin phosphorus 

Preparative Procedure for Isolation of Hydrolecilhm from Lung — 50 
pounds of lung are minced and washed twice with acetone, filtered, and 
dried in a vacuum dryer at 60° It is then ground to a powder and ex- 
tracted with ether for 3 days in a large apparatus for continuous extrac- 
tion The crude ether extract is placed m the refrigerator overmght and 
filtered over Hyflo filter aid (Johns-Manville) The precipitated hpide 
is reextracted with ether in a Soxhlet extractor for several days for the 
purpose of removing the ether-soluble fraction (ceranndes and mono- 
aminophosphatides contaimng unsaturated fatty acids) The residue 
in the thimble is taken up in a liter of petroleum ether-methanol (9 1) 
and filtered The filtrate is concentrated to a small amount of liquid of 
thin syrupy consistency and precipitated with a large excess of acetone 
(1 to 2 liters) The suspension is placed in the refrigerator overmght 
The precipitate, consisting mainly of a mixture of hydrolecithin and 
sphingomyelin, is filtered off It usually weighs between 20 and 40 gm 
The substance contains between 3 8 and 4 0 per cent total phosphorus, of 
which 40 to 50 per cent is saponifiable The mother liquor contains only 
negligible amounts of hydroleeithm and sphingomyelin 
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This crude ether-insoluble phosphatide mixture containing hydro- 
lecithin, sphingomyelin, and small amounts of cerebrosides is treated 
w ith 10 \ olumes of glacial acetic acid (300 cc for 30 gm ), in w hich most 
of it dissolves on slight w aiming The solution is allowed to stand over- 
night at room temperature and is then filtered The insoluble residue is 
reextracted w ith 10 volumes of acetic acid in order to extract the remain- 
ing phosphatides The pooled filtrates are concentrated to a very small 
volume and the resulting viscous material is precipitated w ith an excess 
of acetone (1000 to 1500 cc ) After standing overnight in the refrigera- 
tor, the suspension is filteied The piecipitate contains hydrolecithin 
and sphingomyelin in a mutual proportion of approximately 1 2, while 
the hydrolecithin is enriched in the filtrate in which the proportion of 
hydrolecithin to sphingomyelin is approximately 3 1 Further fraction- 
ation of the insoluble poi tion containing mostly sphingomyelin did not 
prove to be w orth the effoi t, as some hydrolecithin alw ays remained in the 
sphingomyelin fraction and the yield of hydrolecithin was extremely 
small The acetic acid filtrate is concentiated to dryness under reduced 
pressure and dned overNaOH in an evacuated desiccator in order to re- 
move the acetic acid as completely as possible It is then suspended in 
an excess of acetone and placed in the refrigerator overnight The filtra- 
tion of the suspension yields a preparation, Fraction A, which contains 
70 to 75 per cent of its P in the foim of saponifiable P The mother 
liquoi is concentiated to diyness and dried again over NaOH m order to 
remove the last traces of acetic acid This material is suspended in 
acetone and placed in the lefugerator overnight Upon filtering, it 
yields Fraction B, which contains 75 to 80 per cent of its P in the foim of 
saponifiable P 

Fiactions A and B are separately treated in the follow mg manner 
Each substance is dissolved m a mixture of acetic acid and acetone 
(1 40) (1 gm of substance in 20 cc of solution) w ith slight warming It 
is allowed to stand overnight at loom temperature The precipitate, 
which contains 60 pei cent of its P in the form of saponifiable P, is filtered 
off The filtrate is placed m the refngeiator overnight The resulting 
precipitate is filteied and contains 75 to 85 per cent of its P m the form of 
saponifiable P The mother liquor is brought to dryness by vacuum 
distillation and dried over NaOH The resulting resinous material is 
suspended in acetone and placed m the refrigerator overnight This 
fraction, which is small, contains 80 to 90 per cent of its P in the form of 
saponifiable P This entue fiactionation is repeated several times with 
fractions which contain over 80 per cent of then total P in the form of 
saponifiable P until a final substance is obtained containing ovei 95 per 
cent hydrolecithin 



THANNHAUSER, BENOTTI, AND BONCODDO 


673 


The final diy substance is suspended in dry ether and kept in the re- 
frigerator overnight By this treatment, small amounts of a yellow pig- 
ment are removed from the substance After filtration, the hydrolecithm 
is recrystalhzed either from dnsobutyl ketone or from a mixture of ace- 
tone and glacial acetic acid (40 1) Due to the repeated fractionations 
our yields were low, about 2 gm from 50 pounds of fresh lung 
Physical Properties of Hydrolecithm — Hydrolecithm is a white powder 
which crystallizes m needles from dnsobutyl ketone It crystallizes in 
aggregates of small needles from a mixture of 40 volumes of acetone and 
1 volume of acetic acid It is very soluble in alcohol, glacial acetic acid, 
very slightly soluble m acetone, insoluble in ether The substance sin- 
ters to a clear viscous mass betw een 75-80° and melts at 237-238° Two 
different samples of hydrolecithm gave iodine numbers of 3 and 4 6 
respectively 


C oH„0,PN Calculated C 63 9, H 10 9, N 1 86, P 4 1 
Found “ 63 1, “ 10 9, “ 1 82, “ 4 0 

Specific rotation, +6 25° (4% solution of hydrolecithm in a mixture of chloroform- 
methanol, 1 1) 

The substance forms with Remecke acid a compound which is almost 
msoluble m alcohol, slightly soluble m acetone It contains 4 68 per cent 
N and 3 12 per cent P Hence, it is not a simple stoichiometric com- 
pound 

Products of Alkaline Hydrolysis of Hydrolecithm Barium Salts of Fatly 
Acids — 2 gm of the powdered substance were refluxed for 4 hours with 
saturated aqueous Ba(OH)j Alter cooling, the barium soaps were fil- 
tered off and shaken with water in order to remove soluble impurities 
After filtering and drying, the crude barium salt of the fatty acids w eighed 
1 7 gm 

Identification of Fatty Acid by Vacuum Distillation of Methyl Ester — 
1 gm of banum soaps was refluxed in a 5 per cent methanohc solution of 
H 2 SO« for 4 hours on a water bath After removal of the BaSO« by 
filtration, the methyl esters were extracted from the acid methanohc 
solution with petroleum ether and distilled at a pressure of 0 007 mm 
The methyl ester distilled at a fairly constant temperature This is 
indicative of the presence of only one methyl ester The distilled methyl 
ester was converted to the free acid and recrystallized several times to a 
constant melting point from petroleum ether at —20°, mp 62° (pal- 
mitic acid, 63°) The free acid had an iodine number of 0 5 and a mo- 
lecular weight of 254 according to the results of its titration with n 
alkah (palmitic acid, 256) 

Choline — The filtrate from the banum soaps was analyzed for choline, 
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total P, and glycerophosphate Choline was determined by acidifying a 
cc aliquot of the solution and adding ammonium reineckate The 
characteristic crystals of choline reineckate formed rapidly m the solu- 
tion It was placed in the ref ligerat or overnight and filtered 308 mg 
of choline w ere found (theoretical, 323 mg ) Another small aliquot was 
analyzed for total P Found, 77 mg of P (theoretical, 82 mg ) 

Barium Gljcercphcsphc te — 1 he largest part of the filtrate w as used for 
the isolation of glycero] hosi hate After its neutralisation, basic lead 
acetate was added in slight excess The piecipitate was filtered over a 
Buchner funnel and carefully w ashed w ith u ater It was decomposed by 
means of hydrogen sulfide The filtrate from the lead sulfide was con- 
centrated to a small volume A hot saturated solution of barium hy- 
droxide w as added until approximately pH 9 w as reached The barium 
salt was precipitated by the addition of 3 volumes of alcohol The 
barium salt w as analyzed for glycerol according to the method of Blix and 
for P according to the method of Fiske and Subbarow 

Theoretical, glycerol, 30, P 10 1, found, glycerol, 28, P 9 4 
DISCUSSION 

Hydrolecithin (dipalmityl lecithin) as a constituent of animal hpides 
has not been know n up to now Its quantity in lung equals 20 to 40 per 
cent of the amount of the sphingomyelin present m this organ, since the 
crude ether-insoluble phosphatide mixture of sphingomyelin and hydro- 
lecithm contains 20 to 40 per cent saponifiable, saturated monoamino- 
phosphatfde The small final yield of pure dipalmityl lecithin is due to 
the substantial losses during the procedure applied for its isolation In 
the process of fractionation of the ether-insoluble phosphatide mixture, 
no other saturated monoaminophosphatide was encountered but dipal- 
mityl lecithin This substance, according to its physical properties and 
the products of its hydrolysis, seems to be identical to the hydrolecithin 
isolated by Lesuk and Anderson (9) from Cyslicercus larvae In con- 
trast to animal organs, hydrolecithm occurs m Cysticercus larvae as the 
only ether-insoluble phosphatide, since sphingomyelin w T as not found to 
be present in the ethei -insoluble fraction The physiological significance 
of hydrolecithins is not known The occurrence in tissues of other 
saturated hpides such as dihydrocholesterol (11) and dihydrocerebrosides 
(dihydrosphmgosme) (9, 12) indicates a process of the intermediary 
metabolism w hich leads to the formation of saturated hpides 

The natural hyarolecithm (dipamityl lecithin) found m lung is, in re- 
gard to melting pomt and fatty acids, not identical with hydrolecithm 
prepared by hydrogenation with colloidal palladium from unsaturated 
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lecithins of egg yolk (13-15) and of brain (16) We had the opportunity 
of comparing our hydrolecithin with an original sample of the synthetic 
distearyl lecithin of Grun and Limpacher (17, 18) The melting point of 
the latter was considerably lower (187°), while natural dipalmityl lecithin 
melts at 238° Both substances smter at 75-85° to a clear viscous mass 

SUMMARY 

1 A method of isolation and crystallization of hydrolecithin from the 
ether-insoluble phosphatide mixture of lung is described 

2 The isolated saturated lecithin was identified by its split-products 
after alkaline hydrolysis as dipalmityl lecithin 

3 The amount of hydrolecithin present in the lung is 20 to 40 per cent 
of the sphingomyelin content of this organ 

The authors are indebted to Dr Gerhard Schmidt for his helpful sug- 
gestions and to Dr Suzanne von Schuching, Mrs Gertrude Spiller, and 
Miss Margaret C Dooley for their technical assistance 
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THE PREPARATION OF PURE SPHINGOMYELIN FROM BEEF 
LUNG AND THE IDENTIFICATION OF ITS COMPONENT 
' FATTY ACIDS* 

BvS J THANNHAUSER, JOSEPH BENOTTI, and NICHOLAS F BONCODDO 

( From the Boston Dispensary, the Joseph B Pratt Diagnostic Hospital, and 
Tufts College Medical School, Boston ) 

(Received for publication, September 23, 1946) 

Itwas demonstrated m the previous paper (1) that lung sphingomyelin, 
prepared by the usual methods of extraction with various solvents, 
contains hydrolecithin (dipalmityl lecithin) in appreciable quantity 
Hydrolecithm, if present, invariably accompanies the sphingomyelin 
fraction It has escaped discovery until recently because the physical 
properties of both substances, especially their insolubility in ether, are al- 
most identical For this reason it is necessary to modify the current pro- 
cedures for the preparation of sphingomyelin (2-5) in order to obtain a 
sphingomyelin which is free of the saturated monoaminophosphatide 
This u as accomplished by a procedure m which crude sphingomyelin was 
treated with 0 25 N NaOH at 37° for 4 days, similar to the method 
described by Schmidt, Benotti, Hershman, and Thannhauser for the es- 
timation of monoaminophosphatides and sphingomyelin in hpide mix- 
tures (6) This pure sphingomyelin was used in our paper for the rein- 
vestigation of the nature of the fatty acids combined with the ammo 
group of its sphingosine component in acid amide hnkage 
Sphingomyelin prepared with the older methods from brain, spleen, 
and liver yielded by acid hydrolysis palmitic, stearic, and lignocenc acids 
(2-5) Smce it was found that hydrolecithm (dipalmityl lecithin) ad- 
heres to the sphingomyelin, the formation of palmitic acid during its 
acid hydrolysis may have originated from its hydrolecithm content and 
may not be a constituent of the sphingomyelin molecule itself m acid 
amide hnkage In the experiments descnbed in this study it is shown, 
however, that lung sphingomyelin, even after it had been freed from 
dipalmityl lecithin, yielded palmitic and lignocenc acids m about equal 
quantities Steanc acid was not found as a component of lung sphingo- 
myelin 

It is possible that the fatty acid component of the sphmgomyelm of 
other organs differs from the fatty acids of lung sphingomyelin An in- 
vestigation of the component fatty acids of hydrolecithm-free sphingo- 

* This study was aided by grants from the Rockefeller Foundation, the Godfrey 
H Hyams Trust Fund, the Bingham Associates Fund, and the Charlton Fund 
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myelins prepared from bram, spleen, and liver is in progress m this 
laboratory 


EXPERIMENTAL 

Preparation of Sphingomyelin from Lung by Alkaline Saponification— 
The ethei-msoluble lipide fraction was obtained from beef lung as de- 
scribed in the previous paper (1) The crude sphingomyelin was pre- 
cipitated from the glacial acetic acid extract by acetone and dried after 
washing with acetone According to the previous investigation this 
fraction, though completely free of unsaturated monophosphatides, con- 
sists of a mLxture of sphingomyelin and hydrolecithin (dipalmityl leci- 
thin) The proportion of these two components of this crude substance 
was 2 1 as shown by the results of the quantitative partition of the 
phosphohpides (1, 6) 

10 gm of this material were suspended m a small amount of water and 
ground to a paste 4 to which 200 cc of 0 25 n NaOH were added This 
suspension was shaken at 37° for 4 or 5 days It was then acidified with 
glacial acetic acid and placed in the refrigerator overnight and filtered 
over Hyflo filter aid After washing with acetone and finally with ether, 
the precipitate was extracted m a Soxhlet apparatus for 2 to 3 days with 
ether for the purpose of removing the fatty acids The contents of the 
thimble which contained, besides sphingomyelin, small amounts of 
cerebrosides were dialyzed for 24 hours against running water for the 
purpose of removing inorganic material The dialyzed suspension was 
filtered over Hyflo filter aid and washed with acetone The sphingo- 
myelin was extracted from the dried residue by means of petroleum ether- 
methanol (9 1) The extract was filtered, concentrated to a small 
amount of thm syrupy consistency, and precipitated with a large excess 
of acetone (1000 to 1500 cc ) The precipitate contains almost the total 
amount of sphingomyelin (3 to 4 gm ) Since this substance still gives a 
slight Molisch test, it is taken up in petroleum ether-methanol (9 1) and 
put through a chromatographic column of AI2O3 for the selective adsorp- 
tion of cerebrosides (5) The sphingomyelin is recovered from the con- 
centrated solution by precipitation with acetone and recrystallized from 
hot ethyl acetate The analysis of the substance gave the following re- 
sults N, 3 4, P 3 58 per cent, N P ratio 2 l, 1 

Properties of Sphingomyelin from Lung — A white crystalline substance 
was obtained which is easily soluble m benzene, soluble m warm alcohol 
and hot ethyl acetate, but insoluble in ether and acetone It can be re- 
crystallized from hot ethyl acetate M p 209°, [a]? = +6 25° (4 per 

1 The amount of saponifiable P (I) of the material is usually less than 1 per cent of 
the total P If it is higher, the saponification m 0 25 N NaOH at 37° is repeated 
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cent solution of sphingomyelin in a mixture of chloroform-methanol 11) 
Iodine number, 30 (theoretical, 30 6) This iodine number indicates the 
presence of one double bond m the sphingomyelin molecule Since 
sphingosme contains one double bond, the presence of unsaturated fatty 
acids is thus excluded 

The substance is precipitated from its methanohc solution by Remecke 
acid The crystalline reineckate contains 5 22 per cent N and 3 09 per 
cent P, and hence is not a simple stoichiometric compound The rem- 
eckate is insoluble in alcohol and acetone 

Preparation of Sphingomyelin by Exhaustive Extraction with 97 Per Cent 
Acetone — Sphingomyelin can also be separated almost completely from 
hydrolecithin by exhaustive extraction of the crude fraction w ith 97 per 
cent acetone (97 volumes of acetone and 3 volumes of water) The 
crude material (see above) is mixed with sand and extracted with 97 per 
cent acetone in a Soxhlet apparatus for 3 weeks Follow mg this ex- 
traction, the residue m the thimble is taken up in 1000 cc of a mixture of 
petroleum ether and methanol (9 1) and filtered The filtrate is con- 
centrated under reduced pressure to a volume of 5 to 10 cc and com- 
pletely precipitated by adding an excess of acetone The sphingomyelin 
is recrystallized from hot ethyl acetate Analysis, 3 25 per cent N, 3 8 
per cent P (N P = 2 1) The saponifiable P of this substance is 5 
per cent of the total P The yield of sphingomyelin obtained according 
to this procedure is small, since a considerable part of the sphingomyelin 
is extracted by the acetone together wuth the hydrolecithin On cooling 
the acetone extract, a mixture of hydrolecithin and sphingomyelin 
crystallizes m long needles Attempts to recover pure sphingomyelin 
from this mixture by extraction w ith 97 per cent acetone were not suc- 
cessful 

Because of the small yields, the isolation of sphingomyelin by means of 
continuous extraction with 97 per cent acetone cannot be recommended 
for the preparation of large amounts of this lipide The method, how - 
ever, is of principal importance, as it demonstrates the possibility of pre- 
paring sphingomyelin almost free of hydrolecithin without the applica- 
tion of mild saponification 

Fatly Acids of Pure Sphingomyelin Prepared from Lung — 9 gm of 
sphingomyelin obtained by the saponification procedure were refluxed 
with 300 cc of a solution of 10 per cent sulfuric acid in methanol After 
coohng, the methyl esters were extracted with successive portions of 
petroleum ether After concentrating the combined petroleum ether 
fractions to dryness, 2 65 gm of methyl esters w ere obtained The 
methyl esters were fractionated by vacuum distillation (2) at a pressure 
of 0 009 mm Four fractions were obtained Fraction 1, liquid, 0 58 gm , 
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and Fraction 2, viscous liquid, 0 45 gm , distilled between 92-102° at 
0 009 mm , Fraction 3, solid, 0 25 gm , 'distilled up to 121°, Fraction 4, 
solid, 1 27 gm , distilled between 120-135° 

Fractions 1 and 2 were combined and ledistilled The temperature 
rose to a level of 96° until the distillation w as completed This behavior 
during the distillation indicated the presence of only one methyl ester 
It was converted to the free acid by saponification with n aqueous sodium 
hydroxide The acid w as recrystalhzed from petroleum ether at — 10° 
M p 62°, molecular weight by titration, 260, iodine number, 1 It is 
evident that the acid is identical with palmitic acid (m p 62°, molecular 
w r eight, 256) 

Fraction 4 was not ledistilled but converted directly to the free acids 
The substance was recrystalhzed several times from petroleum ether at 
room temperatuie M p 82°, molecular weight by titration, 373, 
iodine number, 1 7 The acid is thus identical with lignocenc acid (m p 
84°, molecular weight, 368) 

Fraction 3 was converted to the free acid and pooled with all the 
T'other hquois from the petroleum ether recrystalhzations of Fraction 4 
These fractions were lecrystallized fiom petroleum ether at room tem- 
perature for the purpose of removing the greater part of lignocenc acid 
The soluble fraction w r as remethylated and distilled The tw r o fractions 
thus obtained were palmitic acid and lignocenc acid M p of lignocenc 
acid fraction 81°, m p of palmitic acid fraction 60° 

If stearic acid had been present in measurable amounts, it w ould have 
been found, as small quantities of known mixtures of palmitic and stearic 
acids have been separated by the method employed (7) For this reason 
it may be concluded that stearic acid is not a constituent of sphingo- 
myelin prepared from beef lung 

The purification of the free acids was carried out by means of re- 
crystalhzation from petroleum ether at different temperatures Lig- 
noceric acid crystallizes readily at 0°, while palmitic acid comes out only 
at much lower temperatures ( — 10° to —20°) 

Acid hydrolysis with 10 per cent H:SCh m methanol was also carried 
out on 4 5 gm of a sphingomyelin sample which was freed from hydio- 
lecithin by exhaustive extraction with 97 per cent acetone, but not by mild 
saponification The acid hydrolysis of this preparation also yielded hgno- 
cenc acid and palmitic acid in approximately equal amounts 

SUMMARY 

1 It was found that sphingomyelin prepared according to all current 
methods was a mixture m various proportions of sphingomyelin and hy- 
drolecithin This is explained by the strong resemblance of the physical 
properties and especially by the insolubility m ether of both substances 
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2 Two methods for the preparation of lung sphingomyelin free of 
hydrolecithin have been described 

3 Sphingomyelin prepared from beef lung is a mixture of palmityl and 
lignoceryl sphingomyelin Stearic acid was found to be absent m lung 
sphingomyelin 
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THE LIPIDES OF BLOOD, LIVER, AND EGG YOLK 
OF THE TURTLE 

ByI L CHAIKOFF and c entenman 
( From the Division of Physiology, University of California Medical School, Berkeley) 

(Received for publication, September 17, 1946) 

Although the concentration of hpides in the blood and liver of the male 
and immature female bird does not differ greatly from that found in other 
species, such as man and dog, avian hpide metabohsm differs from mam- 
malian in being under the control of ovarian hormones (1, 2) This dis- 
tinctive feature of the hpide metabohsm of the bird has been established by 
the work of several laboratories (3-5) Thus in the bird actively engaged 
m egg laying there occurs a rise in the levels of fat, phosphohpides, and 
cholesterol of the blood, in this state total hpides of the blood may rise as 
high as 4700 mg per 100 cc as compared with about 500 mg in the non- 
laying state It has since been show n that this rise in the various hpide 
constituents of the blood could be reproduced in the immature female bird 
by stimulation of ovanan activity by the injection of pregnant mare serum 
(6) Finally it has been demonstrated that such crystalline estrogenic 
compounds, as estrone, estradiol, and stilbestrol increase the blood lipides 
of the male bird as well as of the immature female (2) In all experiments 
m which pregnant mare serum and crystalhne sex hormones were injected 
into immature female birds, the nse in the blood hpides was found to be 
closely correlated with growth of the oviduct, a tissue that responds m this 
way to increases in estrogenic activity 

The present investigation was suggested by the similarity m structure 
and development between bird and reptile Indeed, the bird has been 
described as a “glorified reptile” (7) Birds and most reptiles are unique in 
being provided with cleidoic eggs Such eggs are walled off from their 
environment by a firm shell or membrane and contain yellow yolks which, 
enclosed in sacs connected to the digestive tract, serve to supply the entire 
needs of the growing embryo except oxygen (8) 

EXPERIMENTAL 

Upon arrival in Berkeley the turtles w ere placed m a pond w here they 
were kept for several weeks before being sacrificed Dunng their stay here 
they were supplied with no food other than the debris that accumulates in 
pond water 

The methods employed for the determination of the various hpide con- 
stitutents have been described elsewhere (9) 
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Results 

The blood hpides of 103 turtles weie measured The turtles were classi 
fied in, four groups males, females containing inactive ovanes, females con 
taming active ovaries that showed no evidence of ovulation, females con- 
taining active ovaries as well as eggs m their oviducts For the purpose of 
tins study an active ovary is defined as one that contained one or more ova 
larger than 5 mm in diameter 

The mean values and their standard errors for cholesterol (total, free 
and ester), total fatty acids, phospholipides, and total hpides of whole blood 
are presented in Table I Values for plasma are recorded in Table II 

In order to determine whether the differences in blood lipide levels ob 
served in relation to ovarian activity were significant, the differences among 
the means were tested by Fisher’s t ratios (10) The results are recorded m 
Table III 1 No significant differences for any of the lipide constituents 
were found between male turtles (Group I) and female turtles containing 
inactive ovaries (Group II) Highly significant differences (at or below 
the 1 per cent level of certainty) w ere demonstrated between males on the 
one hand (Group I) and females with active ovanes (Groups III and IV) 
on the other hand Furthermore, highly significant differences were ob- 
served for all lipide constituents between Group II (females with inactive 
ovanes) and Group IV (females that contained active ovanes and eggs in 
their oviducts) 

Although significant differences for total fatty acids and phospholipides 
were found between Groups II and III, acceptable significant differences 
were not demonstrated betw een these two groups for any of the cholesterol 
constituents As noted above, the arbitrary cntenon chosen to separate 
Groups II and III was the size of the ova, namely 5 mm If the arbitrary 
cntenon had been set at a low er value, it is possible that significant dif- 
ferences would have been obtained for all lipide constituents 

No significant differences were demonstrated (a) between Groups I and 
II and (6) between Groups III and IV A summation was therefore made 
of Groups I and II and this new group designated Group V, similarly Group 
VI represents the summation of Groups III and IV The t values for the 
differences between Groups V and VI leave no doubt of an effect of ovanan 
activity upon blood hpides 

Liver Lt-pides — The livers of forty-two turtles were analyzed for total fatty 
acids, phosphohpides, and free and estenfied cholesterol The mean values 
and their standard errors are recorded in Table IV No striking differences 
were demonstrated among the three groups, males, females with inactive 
ovanes, and females with active ovanes 

1 We are indebted to Mr It Skahen for the statistical treatment of the data 
presented here 



Whole Blood Lipides of Turtles ( Chryscmys picta bclltt) 


I h CHAIKOFF AND C ENTENMAN 


686 


3-2 

£2 

CO «-h w o CO CM 

w 0 CM 00 OO t-h 

** 41 41 5 41 41 41 

p ^ (N Oi CO W LO b» 

c (M CD O OO t* t«- 

CO CO ^ r* CO 

A „ 
js 2 

S'® 

5l 

PH 

CO N Ci O lO CM 

w ^ io CO tQ 

41 -H -H -H 41 -H 

5? 2 lO U5 O to co 

E S S 3 8 2 

Total 

fatty 

acids 

Ci CO l>- Oi CM n* 

w O O to CO Ci 

-H -H 5 -H 41 41 

E^ CM Ci O I-. to CO 

« to *P CM CO 

N N CO CO CM CO 

Cholesterol | 

Ester 

u S3 S3 S S S3 S3 

41 41 41 41 41 41 

E ^ Ci co i-H co co ^ 

CO to CO 00 tJ< r- 

Free 

CO CM O Tfi CO OO 

Jj 1— 1 »-t CM 1-t r-t y* 

41 41 41 41 41 41 

E^ o cm co r^ co 

■M 1 to CO CO to co 

Total 

w co CO C? £m CO CO 

-H -H M -H -H -H 

o o o © 22 

O H CM to O CO 

j Ovarian activity 1 

— a 

°«-2 
o te 

SIS” 

Ci 

Cj VM 

o - co CM 

£ 

Ovary j 

No of 
ova in 
each 
turtle 
larger 
than 

5 mm 
in di 
ametcr 

Ci 

a = 

o O © ». 

£ * ~ 

s°ag 

2 « £? > 

Qti ° 

V09 = 

E to O O t=. 

E N H r 

Turtle size 

Weight 

00 CO CM 

t- t*- CO CO 

E 41 41 41 41 

h- £» 

b- CM to CM 

CO CO CO b» 

Length 

cm 

13 4± 1 It 
12 6 ± 0 7 

16 8 ± 2 0 

18 5 ± 1 6 

o| 

Z2 

CM O co 00 CM rr 1 

CO CM co i-* IO 10 

Classification 

Males 

Females with in- 
active ovanest 
Females with ae 
tive ovanest but 
no evidence of 
ovulation 
Females with ac 
tive ovanes and 
eggs in oviduct 
Males and females 
with inactive 

ovanes 

Females with ac 
tive ovanes with 
and without ovi 
dence of ovula 
tion 

Group 

No 

I 

II 

III 

IV 

V 

VI 


* These studies were earned out dunng the months of May and June t Standard error 

t Inactive ovancs have been arbitrarily defined as those contaimng no ova larger than 5 mm in diameter, an active ovary as 
one contaimng one or more ova having a diameter larger than 5 mm 

§ Maximum || Minimum U The ovanes of these turtles contained many ova that had a diameter of 15 mm 
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Table II 


Tolal Fatty Acid Content of Turtle Plasma ( Pseudemys scripla) 


No examined 

Length 

Hematocrit 

Total fatty acids 


cm 

per cent 

mj per 100 cc 

15* 

18 7 ± 2 Of 

17 5 ± 5 3 

196 ± 66 


* Six males plus nine females with inactive ovaries 
t Standard error 


Table III 

t Values of Differences among Whole Blood Lipide Levels of Experimental Groups 
With the number of cases* used here, a t value of 3 69 is significant at the 0 1 
per cent level of certainty, 2 77 at the 1 per cent level, and 2 47 at the 5 per cent 
level 


Group 

No 

Description 

Lipide constituent 

Compared with 

Gnup I 



Group V 

I 

Males 

Cholesterol, total 







“ free 







“ ester 







Total fatty acids 







Phospholipides 





II 

Females with in- 

Cholesterol, total 

2 05 





active ovaries 

“ free 

0 72 






“ ester 

1 89 






Total fatty acids 

1 63 






Phospholipides 

0 00 




III 

Females with active 

Cholesterol, total 

2 79 

1 61 




ovaries but no evi 

“ free 

3 76 

2 61 




dence of ovulation 

“ ester 

3 63 

1 15 





Total fatty acids 

4 81 

3 13 





Phospholipides 

3 45 

2 82 



rv 

Females with active 

Cholesterol, total 

6 28 

3 44 

2 30 



ovaries and eggs m 

“ free 

4 05 

3 12 

0 19 



oviduct 

“ ester 

6 86 

4 25 

3 64 




Total fatty acids 

4 81 

3 85 

0 47 




Phospholipides 

4 59 

3 99 

0 73 


V 

Males and females 

Cholesterol, total 






with inactive 

“ freo 






ovaries 

“ ester 







Total fatty acids 







Phospholipides 





VI 

Females with active 

Cholesterol, total 




5 73 


ovaries with and 

“ free 




4 79 


without evidence 

“ ester 




5 87 


of ovulation 

Total fatty acids 




5 59 



Phospholipides 




5 22 


* For the number of cases in each group, see Table I 
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Yolk Lipides — The cholesterol, phosphohpide, and total fatty acid con- 
tents of the yolks of turtles are recorded in Table V and of the domestic fow 1 


Table IV 

Liter Ltpide of Turtle ( Chrysemys picla bellii) 
AH Iipide values expressed S3 per cent of w et weight of tissue 


Classification 

No ex 
xnuncd 

Turtle size 

Liver 

weight 

Cholesterol 

Total 

fatty 

acids 

Phos- 

pho- 

lipides 



Total 

Free 

Ester 



cm 

tm 

im 






Males 

15 

12 8 

316 

19 5 

0 35 

0 18 

0 19 

4 4 




±0 8* 

±49 

±3 4 

Ed 


±0 14 

±3 7 

SSwP 

Females with inac- 

14 

12 8 

333 

16 2 

0 53 

0 19 

0 31 

5 1 

1 3 

tive ovanes 


±0 8 

±108 

±4 7 

±0 27 

±0 03 

±0 27 

±3 0 

±0 10 

Females with active 

13 

15 7 

625 

32 4 

0 48 

0 19 

0 29 

6 0 

1 4 

ovanea and eggs 
in oviduct 


±1 6 

±106 

±10 3 

±0 13 

±0 02 

±0 14 

±3 1 

±0 10 


* Standard error 


Table V 

Lipide Content of Yolks Removed from Ovaries of Turtles ( Chrysemys picla belln ) 
All lipide values expressed as per cent of wet weight of tissue 


No ex 
named 

Size 

Diameter 
of largest 
yolk 

Cholesterol * 

Total 

fatty 

acids 

Phospho- j 
hpides 1 

Total 

hpides 



Total 

1 Flee j 

| Ester i 

13 

cm 

16 2 
±2 3 

602 

±136 

mm 

15 

0 57 
±0 10* 



14 2 
±2 6 

2 0 
±0 4 

00 to 

w 
w -H 


* Standard error 


Table VI 

Lipide Content of Chicken Yolks 
Values expressed as per cent of wet weight 


No ex 
named 

Cholesterol 

Total 

fattv 

zcids 

Phospholipides ; 

Total hpides 

Toul | 

I Free 

| Ester 

5 




27 90 ± 0 67 

7 56 ± 0 54 

29 74 ± 0 71 


(white Leghorns) in Table VI It is of interest that the fatty acid content 
of the turtle yolk is lower than that of the bird yolk Phospholipides repre- 
sented approximately 30 per cent of the total hpides in the bird yolk but 
only 15 per cent in the turtle yolk 
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LIPIDES OP TURTLE 


Table VII shows that the entire turtle ovary may accumulate as much as 
6 gm of fatty acids and 1 6 gm of cholesterol 

DISCUSSION 

The results of the present investigation demonstrate that ovarian activity 
in the female turtle, as judged by the presence in the ovary of numerous 
large ova, is accompanied by a rise m the content of lipides m the blood 
The most pronounced rise occuired in neutral fat, although statistically 
significant changes were also observed in phospholipides and cholesterol, 
in this respect the turtle resembles the bird The response of lipide metabo- 
lism to ovanan activity in the turtle differs, however, from that in the bird 


Table VII 

Lipide Content of Whole Ovary of Turtles 
All lipide values expressed as per cent of wet weight of tissue 


Tuttle 

No 

Type 

Turtle 

length 

Total 1 
weight of 
ovary 1 

Total 

cholesterol 

Total 1 
fatty 
acids 

Phospho- 

liptaes 

Total 

lipides 

H 

Chrysemys picta bcllu 

cm 

5 

gm 

4 1 

0 44 

10 6 

2 3 

m 

Wm 

Pseudemys senpta 

8 5 

36 4 

0 45 

17 0 


■ 

m 

it << 

6 5 

23 7 

0 48 

12 6 


EH 


* The ovary of this turtle contained six ova measuring 7 5 mm in diameter and 
many ova of lesser diameters 

f The ovary of this turtle contained seven ova measuring 22 mm m diameter and 
many ova of lesser size 

t The ovary of this turtle contained eight ova measuring 15 mm in diameter, nine 
ova with diameters of 10 mm , and many ova that had diameters less than 10 mm 

(1) in two respects (a) the blood lipides of the laying bird are higher and 
(6) there is no pronounced increase in the fat content of the hver of the lay- 
ing turtle 

That lipide metabolism in the bird and turtle possesses a common dis- 
tinguishing characteristic not found in the mammal is of particular interest, 
for, as noted above, birds and reptiles are very closely related in their ovula- 
tion and phylogeny Inasmuch as the ova of birds and turtles are rich in 
fat (those of the turtle may contain as much as 19 per cent fatty acids), 
it is reasonable to believe that the nse m blood lipides during ovarian ac- 
tivity represents a mechanism that makes possible a rapid mobilization of 
fat for use in yolk formation 


SUMMARY 

1 Values for fatty acids, cholesterol, and phospholipides of blood, hver, 
and yolk of the turtle are presented 
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2 The levels of these three lipide constituents in the blood ot the turtle, 
asm the case of the bird, are related to ovarian activity 
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FATTY ACID METABOLISM 


V THE CONVERSION OF FATTY ACID INTERMEDIATES TO CITRATE, 
STUDIED WITH THE AID OF ISOTOPIC CARBON* 

Br SIDNEY WEINHOUSE, GRACE MEDES, and NORMAN F FLOYD 

(, From the Research Laboratories of the Houdry Process Corporation of Pennsylvania, 
Marcus Hook, and the Lanhenau Hospital Research Institute, Philadelphia) 

(Received for publication, September 27, 1946) 

The formation of citric acid by various animal tissues in the presence 
of acetoacetate and oxalacetate (2-4), and the incorporation of isotopic 
carbon in a-ketoglutarate, succinate, and fumarate during the oxidation 
of C 13 -labeled acetate and acetoacetate by rat and guinea pig kidney (5, I) 
suggests that the tricarboxylic acid cycle provides a pathway for the 
oxidation of fatty acids as well as carbohydrate This concept has been 
disputed, however, by Weil-Malherbe (6) and Krebs (7) 

To obtain direct information concerning the participation of tricar- 
boxylic acids in the oxidation of fatty acid intermediates, a study was made 
of citrate formation during the biological oxidation of acetate (8) and 
acetoacetate, labeled with C 13 

EXPERIMENTAL 

Carboxyl-Labeled Sodium Acetate — Isotopic C0 2 was liberated from 50 
mu of barium carbonate and collected in a high vacuum system where it 
was purified and dried by low temperature sublimation It was then 
released into an evacuated flask containing 80 mu of methylmagnesium 
iodide, and the flask shaken until absorption w as complete The reaction 
mixture was decomposed with dilute H 2 SO 4 , steam-distilled, and the distil- 
late neutralized, evaporated, reacidified, and redistilled with steam in 
the presence of a little silver sulfate to remove HI The distillate was 
neutralized with standard, COrfree NaOH and evaporated to dryness 
m vacuo The yield of sodium acetate ranged, in several such preparations, 
betw een 92 and 96 per cent 

Carbonyl- and Carboxyl-Labeled Sodium Acetoacetate — A mixture of 46 
mu of isotopic sodium acetate and 50 mu of diethyl sulfate was heated 
at 145° for 2 hours m a sealed tube The product w as fractionated under 
reduced pressure, yielding 42 3 mu of ethyl acetate, n™ 1 3722, recorded, 
1 3722 

* With the technical assistance of Mary Cammaroti, Ruth Millington, Ethel 
Nieeaen, and Lafayette Noda Aided in part by a grant from Mra L Elizabeth Nax 

A preliminary report of these results has appeared (1) 
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The ethyl acetate was distilled into a glass tube containing 21 mw of 
dry sodium ethoxide, the tube was then sealed and heated for 16 hours 
at 108° The unchanged ethyl acetate (14 5 mil) was distilled off m vacuo, 
the residue n as then decomposed with 2 n H2SO4 and extracted with ether 
The dried ether extract vas evaporated and the residual oil fractionated 
under reduced pressure, yielding 863 mg of a colorless liquid, nf 1 4127, 
recorded for ethyl acetoacetate, 1 4209 Assay of this material for volatile 
acid and acetone by the Van Slyke (9) procedure indicated it was a mixture 
of 83 mole per cent ethyl acetoacetate and 17 mole per cent ethyl acetate 
0\\ ing to the small quantity available, it was used without further purifica- 
tion The acetone, isolated as the Demghs complex, had a C 13 excess of 
2 16 per cent, corresponding to an excess of 6 48 atom per cent in the 
carbonyl and carboxyl carbons 

Immediately before using, the ester was saponified by dissolving in 
the calculated quantity of 0 1 N NaOH, allowed to stand at room tempera- 
ture for 24 houis, and the solution evaporated to dryness at room tempera- 
ture to remove alcohol 

Other Substrates — Oxalacetic acid was prepared by the method of 
Schneider (10) , m p 148-150° m-Acomtic anhydride, m p 75°, was 
prepared by the method of Malachowski and Maslowski (11) Other 
substrates were commercial products 

Incubation of Carboxyl-Labeled Acetate with Non-Isotojnc Citrate — 
Tissue slices and minces were prepared as descnbed previously (12) The 
substrates v ere made up to 100 ml with Krebs’ Ringer-phosphate (13) 
and 10 ml removed for acetate (14) and citrate (15) determinations The 
remaining 90 ml were distributed equally among three 125 ml Warburg 
type flasks, each containing approximately one-third of the tissue prepara- 
tion The central veil held a small glass tube containing a COs-free 
alkali-soaked filter roll All three flasks were connected to a single gas 
burette, oxygen consumption was measured volume tncally at atmospheric 
pressure The flasks were filled with oxygen and, after equilibration, 
shaken for 2 hours at 37 5° Acid (0 75 ml of 2 n H 2 SOi) was then tipped 
in from the side bulb and shaking continued an additional 15 minutes 
The tubes containing the filter rolls v ere quickly transferred, under nitro- 
gen, to another flask, and the C0 2 liberated by acid, measured, and sv ept, 
with nitrogen, into an absorption tube containing C0 2 -free alkali from 
v hich the C0 2 \\ as ultimately liberated for determination of its C 13 content 

The solutions from the three flasks were combmed, and the tissues washed 
successively with dilute alkali and water, the solution and washings were 
brought to a definite volume, and, following removal of an ahquot for 
citrate determination, they v ere steam-distilled with 50 gm of magnesium 
sulfate The volatile acid thus recovered was redistilled, neutralized 
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with. CCh-free NaOH, and the sodium acetate recovered by evaporation 
to dryness 

The residue from the first distillation was extracted continuously with 
ether for at least 72 hours, the ether extract was evaporated, and the 
residue dissolved in water About 70 to 90 per cent of the citric acid 
was extracted by this procedure The silver salts were precipitated (16), 
decomposed with ITS, and the clear filtrate neutrahzed and evaporated 
to 0 5 ml , methanol added, and the crude tnsodium citrate recrystallized 
from aqueous methanol The oxidation and degradation procedures 
employed for determining the content and distribution of C' 3 were the 
same as those described below in connection with the expenments with 
isotopic acetoacetate 

Citric Acid Production by Kidney Homogenate — Whole rat kidneys were 
homogenized at 0° m an all-glass Potter-Elvehjem homogenizer with an 
approximately equal quantity of Krebs’ phosphate-sahne solution buffered 
at pH 7 4 Details for the individual expenments are recorded m Table 
II Ketone bodies were determined by the Van Slyke method (9) and 
citrate by the method of Pucher (15) 

Incubation of Oxalacelate and Isotopically Labeled Acetoacetate — Kidneys 
from seven rats, fasted 24 hours, were weighed and homogenized with 9 
ml of ice-cold Krebs’ phosphate-sahne, pH 7 4 The homogenized tissue 
was strained through cheese-cloth and distributed equally among three 
flasks, each containing approximately 0 15 mil of labeled acetoacetate 
and 0 5 mu of BaCl 2 in 7 5 ml of sahne Then 0 3 mil of freshly neutrahzed 
sodium oxalacetate w as added, and the flasks shaken for 2 hours at 37 5° 
Oxygen uptake w as measured and the respiratory CO 2 collected as described 
above The contents of the flasks were pooled, centrifuged, and the tissue 
w ashed successively with 0 03 m NaOH and w ater The supernatant and 
washings w'ere brought to a volume of 75 ml and a 5 ml aliquot removed 
for citrate and keto acid determinations The remainder was acidified 
with 1 ml of 18 n H 2 SOi and steam-distilled The distillate was neu- 
trahzed and redistilled with steam, the neutral volatile fraction thus 
obtained was heated according to the Van Slyke procedure for recovery 
of the acetone formed by the thermal decarboxylation of the unutihzed 
acetoacetate The residue from this second distillation w as acidified and 
redistilled to recover the small quantity of acetate present originally in 
the labeled acetoacetate 

Isolation of Citric Acid — The residue from the first distillation was 
combined u ith similar residues obtained from tw o subsequent expenments 
and extracted continuously with ether for 72 hours The ether extract 
was evaporated, yielding a residue containing 9 5 mu of carbon, having a 
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C 13 excess of 0 26 per cent, of which 84 3 mg w ere citnc acid The solution 
v as made to 30 ml , 10 ml of 10 per cent silver nitrate w ere added, and 
NHjOH added to a purple color with brom-cresol purple There were 
obtained 304 mg of silver salts with a C 13 excess of 0 39 per cent The 
silver salts were decomposed with HjS, and the clear filtrate, containing 
83 0 mg of citric acid, was evaporated to 7 ml To the hot solution were 
added 250 mg of qumidme, bnnging the pH to 6 5 After cooling to 
room temperature, the turbid solution v'as filtered without washing, and 
the filtrate seeded with a crystal of quimdine citrate After standing at 
room temperature for 48 hours, the crystals of quimdine citrate, char- 
acteristically separating in rosettes of fine, slender prisms, were filtered, 
washed wuth two 1 ml portions of water, and dried in a high vacuum 
There were obtained 155 mg of colorless salt, which softened at 128-130° 
and melted completely at 134° The same behavior was found for “syn- 
thetic” qumidme citrate, C found, 63 2 per cent, found for “synthetic” 
quimdine citrate, 63 5, calculated for SCsoHmOjNz 206^0;, 63 7 
On evaporation of the filtrate to 4 ml and addition of 50 mg more of 
quimdine, an additional 45 mg of quimdine citrate were obtained, melting 
at 125-130° Thus a total of 203 mg of qumidme salt was isolated, 
representing 57 5 mg of citnc acid, or 68 per cent of the amount extracted 
100 mg of the qumidme salt were dissolved in 15 ml of hot water, 
ammonia was added m excess, and the free qumidme extracted with 
chloroform The aqueous layer was treated with AgN0 3 , yielding 55 5 
mg of silver citrate Its C 13 excess was 0 76 atom per cent 
Degradation of Citnc Acid — 40 mg of quimdine citrate were placed in a 
glass tube carrying a small side bulb m which was placed 1 ml of con- 
centrated H 2 SO.t The tube was attached to the vacuum line by means 
of an adapter consisting of a stop-cock with ground joints on both ends, 
one fitting the glass tube, the other for attachment to the vacuum system 
This arrangement allow ed removal of the tube from the vacuum line with- 
out breaking the vacuum After evacuating, the assembly was detached, 
cooled to — 10°, and the sulfuric acid tipped m The tube was shaken at 
— 10° until the qumidme citrate dissolved, then taken from the cold bath, 
and allowed to stand at room temperature until visible bubbling ceased 
(3 hours) The tube was attached to the vacuum line and the evolved 
gas transferred by means of a Topler pump to a sample tube for mass 
spectrometnc determination The gas consisted of carbon monoxide 
918, carbon dioxide 1 1 5, and air 5 7 per cent 
The tube was then reevacuated and heated for 2 hours at 100° The 
carbon dioxide evolved was condensed m the vacuum lme and subhmed 
into a sample tube for C 13 analysis 

The three non-carboxyl carbons of citnc acid were isolated as ace- 
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tone by oxidation of a separate portion of citnc acid by means of 
dilute potassium dichromate In the course of a study of interfering 
substances in the Van Slyke determination of /J-hydroxybutyrate, it was 
found that citnc acid, under these conditions, gives a 60 to 70 per cent 
yield of acetone as the Demgfes complex (identified by iodine titration and 
preparation of denvatives) 

Results 

Oxidation of Isoto-pic Acetate by Liver and Kidney m Presence of Citrate — 
In an attempt to demonstrate the intermediary formation of tncarboxyhc 
acids from acetate, rat liver shces and kidney slices and mince were incu- 
bated in oxygen w ith a mixture of carboxyl C 13 -labeled acetate and non- 
lsotopic citrate, the latter in sufficient quantity to allow isolation at the 
close of the experiment It would be expected, under these circumstances, 
that isotopic tncarboxyhc acids, if formed, would come into equihbnum 
with added citrate, resulting m an ennchment of C 13 m the recovered cit- 
rate 

As shown in Table I, however, the citrate isolated from such experiments 
had a normal C 11 content with in the ±0 02 per cent error of the mass spec- 
trometnc measurements In the last experiment, m which cis-acomtate 
was substituted for citrate, the action of acomtase resulted m its conversion 
to citrate, which likewise contained no appreciable excess C ' 3 Inasmuch 
as any istopic carbon would have been expected to be found in the carboxyl 
carbons, the sodium citrate was subjected to a degradation procedure in- 
volving reaction with concentrated sulfuric acid (17) In the cold, cleavage 
of the tertiary carboxyl occurs quantitatively to yield CO and acetonedicar- 
boxyhc acid, the latter on subsequent heatmg breaks down to carbon 
dioxide and condensation products of acetone By analyzing the CO and 
CO 2 separately, it w as possible to obtam C IS determinations on each of the 
tw o types of carboxyl carbons In none of the four experiments m Table I 
did either the CO from the tertiary COOH or COj from the primary car- 
boxyls contain a significant excess of C 13 

In each experiment there was an active utilization of acetate, part of 
which was completely oxidized, as indicated by the presence of excess C 13 
in the respiratory CO 2 The respiratory CO 3 accounted for only 25, 56, 44, 
and 44 per cent respectively of the C 13 utilized, however The fate of the 
C 13 unaccounted for is unknown as yet, though from the recent report of 
Bloch, Borek, and Rittenberg (18) part may be expected to have been in- 
corporated in various tissue constituents 

It is notew orthy that apparently no acetate was produced in these ex- 
periments, the C 13 content of the acetate recovered bemg virtually the same 
as at the start 
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Though the results indicate that acetate oxidation can occur without for- 
mation of intermediates which are in equilibrium with added tricarboxylic 
acids, they do not necessarily prove that tricarboxylic acids are not formed, 
since only positive results in this type of experiment are conclusive 

Table I 

C u Distribution after Incubating Mixtures of Citrate and C 11 Carboxyl-Labeled Acetate 
with Rat Liver and Kidney, 2 Hours m 0 2 at 37 6° in 90 Ml of Krebs' 
Saline-Phosphate Solution 



Liver slices, 

3 75 gm 

kidney slices, 
3 03 gm 

Kidney mince 

5 25 gm 

Kidney mince + cts 
acomtatc, 4 50 gm 



mu 

C»> 

excess 

mu 

C»> 

excess 

mu 

C‘» 

excess 

mu 

Cl* 

excess 

Acetate 

start 

0 789 

3 90 

0 815 

3 90 

0 806 


0 764 

3 90 

tl 

recovered 

iTiTffl 

3 88 

0 583 

3 87 

0 496 


0 602 

3 88 

It 

utilized 

jm 


0 232 


0 310 


0 162 


Citrate, 

start 



0 615 

0 02 

0 635 

0 01 

CIS- 

0 00 









Acomtate 

0 450 


It 

recovered 

0 489 

0 01 

0 388 

0 01 

0 362 

0 02 

0 265 

0 02 

tt 

utilized 

[tHH 


0 227 




0 185 


it 

primary carboxyls 


-0 01 




0 04 


0 00 

tt 

tertiary carboxyl* 




0 01 


0 02 


0 02 

Oi consumed 



0 976 


1 395 


0 856 


CO; evolved 

B 


1 018 

1 00 

1 232 

0 86 

0 777 

0 71 


* The CO is not entirely pure, being contaminated with small quantities, <10 
per cent, of air and COi Since nitrogen and itB N ls isotope and CO ions formed by 
the breakdown of CO- contribute to the masses 28 and 29, it is necessary to make 
corrections for these substances in the calculation of the C 13 ratio of the CO The 
procedure followed was to scan the entire spectrum, from which the corrected 28 
and 29 peaks were calculated by means of the following equations (a) observed 28 
peak = X + 0 I2y + 4 93, (6) observed 29 peak = X' + 0 12 y' + 0 0412, where X = 
the contribution of C ll O to the 28 peak, X' = the contribution of C 13 0 to the 29 
peak, y = the observed 44 peak due to C IJ 0_, y' = the observed 45 peak due to 
C I3 0,, and z — the observed 32 peak due to oxygen The coefficients represent the 
relative contribution of air and CO; to the 28 and 29 peaks, as determined from 
the mass patterns of the pure gases 

Production of Citric Acid by Rat Kidney Homogenates — Inasmuch as these 
isotope dilution experiments were inconclusive concermngthe participation 
of tricarboxylic acids m acetate metabolism, a study was made of the 
Breusch-Wieland system, directed primarily toward obtaining sufficient 
citric acid for isolation in pure form In contrast with the results of 
Bieusch with cat kidney (19) and Wieland and Rosenthal with cattle kid- 
ney (3), we found that rat kidney mince, despite its active utilization of 
acetate and acetoacetate, produced only small quantities of citrate when 
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these substances were incubated together with oxalacetate This may be 
attributed to the high metabolic activity of citrate in these prepaiaticns 
(cf Table I) With finer subdivision of the tissue, howevei, u homo- 
genization by the Potter-Elvehjem technique, high yields of citrate were 
obtained from oxalacetate and acetoacetate 
The production of citric acid by rat kidney homogenates in the presence 
of various substrates is shown in Table II Though small quantities of 
citrate are formed w hen acetate, acetoacetate, and oxalacetate are present 
separately, highest yields u ere observed n hen acetoacetate and oxalacetate 
were present together About one-third of the utilized acetoacetate n as 
recovered as /3-hydroxy butyrate There is no apparent utilization of ace- 

Tible II 


Ctlric Acid Formation by Rat Kidney Homogenate 
Substrates in 0 01 m final concentration in 33 ml of Krebs phosphate saline in- 
cubated 2 hours in 0 at 37 5° The results are expressed in micromoles 



Substrate utilized 

Hydro*} 

butyrate 

formed 

Oi con 
siimed 

Citrate 

formed 

Acetate 

0 

0 

105 

8 3 

Oxalacetate 

Not determined 

0 

128 

8 7 

Acetoacetate 

107 

34 

128 

6 6 

Citrate 

99 

0 

101 


Acetate + oxalacetate 

3 

0 

133 

10 9 

Acetoacetate + oxalacetate 

Acetate + oxalacetate + 03 mu 

110 

33 

215 

21 8 

BaCU 

Acetoacetate 4* oxalacetate + 03 

0 

0 

197 

14 7 

mn BaCh 

Acetoacetate + oxalacetate + 05 

146 

42 

288 

42 7 

mu BaClj 

235 

80 

297 

52 0 


tate, but citrate is metabolized, though at a loner rate than in slices or 
minces 

In agreement with Wieland and Rosenthal (3), it nas found that the 
presence of barium ions markedly enhances both the utilization of aceto- 
acetate and the production of citrate By cutting don n the proportion of 
fluid to around 3 ml per gm of n et tissue, a further consistent increase in 
yield of citrate nas observed Thus, of twelve experiments of 2 hours 
duration m oxygen, with 10 to 17 gm of tissue suspended in 46 5 ml of 
saline solution containing 0 5 mil of acetoacetate, 1 0 mu of oxalacetate, and 
1 5 mu of BaCh, the utilization of acetoacetate ranged from 14 to 24 micro- 
moles and the yield of citrate from 7 to 17 micromoles per gm of n et 
tissue Though no stoichiometric relationship nas observed, there nas 
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a rough parallelism in the utilization of acetoacetate, yield of citrate, and 
oxygen consumption 

I so topically Labeled Citrate from Experiments with Labeled Acetoacetate — 
To obtain sufficient citnc acid for the subsequent isolation and degradation 
procedures, the products of three experiments made on successive days w ere 
combined and worked up together These experiments are summarized 
in Table III Considerable difficulty was experienced at first in separating 


Table III 

Experiments with Carbonyl and Carboxyl C ll -Labcled Acetoacetate and Normal 
Oxalacetate m Rat Kidney Homogenate 
Tissue suspended in 46 5 ml Krebs’ phosphate saline, 2 hours in Oi at 37 5° 



Weight of tissue 

12 5 

gm 

26 8 gm 

16 4 gm 


wmm 


mu | 

C“ excess 

mu | 

C 11 excess 

Acetoacetate, start 


3 06 


3 06 


3 24 

“ recovered 


3 16 


3 06 

0 264 


“ utilized 

0 179 


0 371 


0 387 


Citrate formed 

0 107 

0 76* 

0 198 


0 190 


Oj consumed 

0 559 


1 066 


1 0-13 


COa evolved 

1 11 

0 51 

1 45 

0 49 

1 44 

0 65 


* Combined citrate from three experiments 


Table IV 

Distribution of C u tn Citric Acid 
Values in atom per cent excess 


Method of degradation 

Citric acid 

Primary 

carboxyls 

Tertiary 

carboxyl 

Oxidation of silver citrate 

0 76 



Decarboxylation of citric acid 



0 03 

Decarboxylation of acetonedicarboxyhc 




acid 


2 17 


Oxidation with dichromate 





citric acid from the other substances present in the ether extract, but by 
following essentially the excellent procedure recently published by Breusch 
(20), it was possible to isolate in pure form 60 to 70 per cent of the citrate 
present as the qumidine salt Because of the high content of extraneous 
carbon m this salt, it was converted to the silver salt before oxidation to 
C0 2 for mass spectrometnc analysis The silver citrate contained 0 76 
atom per cent excess C 13 

The distribution of isotope in the citrate isolated from these experiments 
is shown m Table IV All of the excess C 13 is restricted to the primary car- 
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boxyls Their content of 2 17 per cent excess is equivalent to 2 17/3 = 
0 72 per cent over-all, w hich is in good agreement with the over-all C 13 excess 
of 0 76 per cent found for silver citrate Assuming that the formation of 
the isotopic citrate molecule involves the conversion of either a /3-carbon or 
carboxyl carbon of acetoacetate to a primary carboxyl of citrate, 2 17 X 
2 X 100/6 48 = 70 per cent of the citrate formed was derived from the iso- 
topic acetoacetate, the remaimng 30 per cent must have come from the 
oxalacetate or the precursors present in the tissue 

The results of all three experiments together show that of the excess C 13 
represented by the total of 0 937 mu of acetoacetate utihzed, 19 per cent 
appeared in the 0 495 mu of citrate formed Another 19 per cent appeared 
m the 4 00 mu of respiratory COj, 13 per cent was found in the aqueous 
residue after ether extraction, and 7 per cent in the filtrate after precipita- 
tion of the silver salts About 42 per cent remains unaccounted for 

DISCUSSION 

The high content of isotopic carbon in citnc acid produced during the 
aerobic metabolism of C 13 -labeled acetoacetate leaves no room for further 
doubt concerning the participation of the tricarboxylic acids in the inter- 
mediary processes of fatty acid oxidation The mechanism by w hich aceto- 
acetate and oxalacetate produce citrate remains uncertain, how ever, both 
w ith regard to the identity of the reactants and the nature of the primary 
product 

Both Breusch (19) and Wieland and Rosenthal (3) have postulated a 
direct couphng of the /3-keto acid with oxalacetate, but it seems more likely 
that the component which condenses w ith oxalacetate is an acetyl deriva- 
tive arising by breakdow n of acetoacetate Such a reaction, the reverse of 
one already estabhshed (8), seems highly probable, for example, aceto- 
acetate can give rise to acetate under certain conditions (21) and can yield 
acetyl groups for acetylation of foreign amino acids (22) , moreover, inas- 
much as the breakdown of fatty acids to acetyl groups prior to the forma- 
tion of ketone bodies is already established by isotopic tracer studies the 
reasonable assumption that this 2 carbon substance, rather than aceto- 
acetate, enters the cycle avoids the necessity of postulating mechanisms in- 
volving the intermediary formation of substances whose presence or 
biological significance remains unproved 

These same considerations apply to the formation of citrate from pyru- 
vate As previously suggested by Krebs (23) and Martius (24) and dis- 
cussed recently in great detail by Wood (25), all of the observations on 
which w ere based the formulation of the tricarboxylic acid cycle are m com- 
plete accord with the hypothesis of an oxidative decarboxylation of pyru- 
vate to an acetyl denvative prior to condensation with oxalacetate On 
this basis, the formation of citrate from such substances as acetic (261 and 
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octanoic acids (27) as well as acetoacetate and pyiuvate may be brought 
within the scope of a single leaction involving one and the same intei - 
mediate 

The observation of Bieusch and Keskin (20) that citrate is formed in the 
presence of a variety of lngher /3-keto acids is not in conflict with this view, 
since all of the keto acids found active by these investigators could yield 
acetyl gioups by @ cleavage 

Any mechanism for the condensation of acetate with oxalacetate must 
account for the following observations (a) the appearance of C 13 in the 
primal y carboxyls of citrate formed during the oxidation of C 13 -labeled 
acetoacetate, (6) the non-equilibration with added citrate of intermediates 
of acetate oxidation, (c) the presence of C 13 predominantly in the 5-carbon 
of a-ketoglutarate during oxidation of C 13 -labeled acetate and acetoacetate, 
(i d ) the presence of isotope exclusively in the carboxyl adjacent to the keto 
group of a-ketoglutarate resulting from C w 0 2 assimilation by pigeon liver 
(25) 

Because of obseivations ( b ), (c), and (d), the direct formation of citrate 
as such is excluded , there remain the possibilities either that the primary 
condensation product is one of the other tricarboxylic acids or that it is an 
unsymmetncal derivative of citric acid 

Accoiding to Wood’s (25) postulation the primary product is czs- 
acomtate, W'hich is presumed to arise "by coupling of acetate with the enol 
form of oxalacetate 
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While this scheme is perfectly m accord with all of the isotope data avail- 
able at present, there are tw'o reasons for questioning it First, it is difficult 
to conceive of the presence of cis-acomtate as such in systems containing 
acomtase without at least partial equilibration with citrate Second, the 
formation of a carbon to carbon linkage in the manner required (intermolec- 
ular dehydration) has no counterpart in the field of organic chemistry 
Similar objections can be raised against other mechanisms involving the 
formation of isocitrate or oxalosuccraate 

On the other hand, if we assume that a derivative of acetic acid enters the 
cycle, the product need not be citrate as such, but an unsymmetncal denva- 
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tive, which presumably could undergo a selective transformation to cis- 
acomtate to yield ultimately a-hetoglutarate w ith an unsymmetncal dis- 
tribution of C 13 A somew hat similar concept has already been suggested 
by Lynen (28) in connection w ith the tricarboxylic acid cycle in yeast 


COOH 

I 

CH, 

(2) | + CHiC 1J OA r 

CO 

I 

COOH 


There is a striking similarity in the behavior of “active” acetate and the 
product of its condensation with oxalacetate In each case, the substance 
has not been isolated or identified, but its existence has had to be inferred 
by indirect methods This w ould suggest that the acetyl group is firmly 
bound to some non-diffusible component, reactmg w ith oxalacetate w hile 
in this combination The fact that foreign amino acids are acetylated may 
provide a clue to the manner in w hieh such binding occurs Cohn and du 
Vigneaud (29) recently emphasized the grow ing realization that such “de- 
toxication” processes are merely reflections of normal physiological mech- 
anisms On this basis, it could be assumed that combination of an acetyl 
group in an amide linkage is a normal step in acetate metabolism 

The fact that substantial quantities of citrate appear only m the presence 
of relatively large amounts of oxalacetate or its precursors indicates that 
oxalacetate has some effect other than merely as a component of the reac- 
tion As is shown in Table II, the disappearance of acetoacetate in rat 
kidney homogenate w as about the same m the presence or absence of oxal- 
acetate, but the yield of citrate was over 3 times as high in its presence ( cf 
also Hunter and Leloir (4)) According to mechanism (1), this effect could 
be attnbuted to an inhibition by oxalacetate of the further metabolism of 
cis-acomtate, thus allowing time for aconitase action According to mech- 
anism (2), the effect of oxalacetate could be due either to an inhibition of 
one of the steps of the cycle or to cleavage of the derivative to form free 
citrate 

Though there is no clear basis at present for a choice betw een mechanisms 
(1) and (2), one difference can be pointed out, namely, mechanism (1) 
requires the presence of aconitase, whereas mechamsm (2) does not The 
fact that citrate formation w as observed in the w ashed tissue preparations 
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of Hunter and Leloir (4) and Lehninger (27), from which a considerable part 
of the soluble acomtase must have been removed, may be cited in favor of 
mechanism (2) The acomtase activity of tissue preparations which yield 
citrate is now under investigation 

The authors wish to express their appreciation to the Sun Oil Company 
for its interest in and support of this work 

SUMMARY 

When C 13 -labeled acetate was oxidized by rat liver slices and rat kidney 
slices or minces in the presence of added cis-aconitate or citrate, the re- 
covered citrate had no significant excess of C 13 , indicating that intermediates 
of acetate metabolism do not come into equilibrium with added tricarbox- 
ylic acids 

However, when oxalacetate and acetoacetate, labeled v'lth 6 48 atom per 
cent excess C 13 in the /S and carboxyl positions, w ere incubated aerobically 
with rat kidney homogenate, the citrate formed had a C 13 excess of 2 17 per 
cent in the primary carboxyl carbons and a normal C 13 content in the other 
carbons 

The formation of isotopic citrate is taken as positive evidence for the 
participation of the tricarboxylic acid cycle m fatty acid metabolism Pos- 
sible mechanisms are discussed 
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The estimation of serum amylase by the sacchanmetnc method is based 
upon the digestion of a starch solution with serum followed by the determi- 
nation of the reducing substances produced Differences m numerical 
values obtained by modifications of the basic method may result from the 
use of various types of starch (1-3), from differences m the pH of the di- 
gestion mixture (1-3), and from vanations in the sensitivity of the pro- 
cedure ultimately used for the determination of the end-products of the 
reaction Many of the usual alkaline copper reagents are not readily re- 
duced by maltose The starch solutions used as the substrate frequently 
hinder the smooth performance of the test They tend to give cloudy 
filtrates following the precipitation of the plasma proteins and thereby 
interfere with the use of the photoelectric colorimeter for the estimation of 
the reducing substances Starch also retrogrades and comes out of solution 
so that the substrate must be renewed frequently Myers et al (3) have 
overcome some of these difficulties by using a buffered starch solution and 
determining the reducing substances by the reduction of picric acid The 
products of the digestion reduce this substance to a greater degree than 
they do either the Fohn-Wu or the Benedict reagents (4) Myers et al 
have, however, contmued to use a starch substrate It would seem de- 
sirable to use some substrate which would (1) be m a stable form so that it 
would not have to be prepared frequently, (2) would give clear filtrates 
with the usual protein precipitants, and (3) would have a low blank re- 
ducing value It was thought that some fraction of starch might meet 
these requirements 


EXPERIMENTAL 

p-Amylose As Substrate — Com and potato starch consist of at least three 
components (5), each of which may vary m per cent in various starches (6) 
One fraction, /3-amylose, can be preferentially adsorbed by cellulose (7) to 
the extent of 1 7 per cent (8) The /3-amylose from potato starch differs 
from that obtained from com in that it is relatively more soluble and tends 
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to retrograde more slowly when brought into solution (5) It was therefore 
considered as a possible substrate for amylase, either m its adsorbed state 
or in solution 

The /3-amylose can be prepared in the following maimer Wash 100 gm of 
absorbent cotton three times with distilled water and squeeze out the 
excess fluid Prepare 1000 ml of a 1 per cent potato starch m the usual 
manner and cool The solution is then poured over the cotton and allowed 
to stand for several hours The cotton should be agitated occasionally 
so that it becomes thoroughly saturated Wash the cotton m cold running 
water until the wash water no longer gives a reaction for starch with iodine 
The water is squeezed out and 250 ml of absolute methyl alcohol are poured 
over it in order to dehydrate the /J-amylose The alcohol is removed 
and a second portion added The methanol is then removed as completely 
as possible and the /3-amylose-treated cotton dried with the aid of an 
electric fan If sheet cotton is kept intact, a given weight may be estimated 
by measuring it off in sq in after the weight per sq m has been ascertained 
/3-Amylose appeared to be stable in this form and tests showed that it 
could be directly hydrolyzed from the cotton by amylase 1 It was then 
necessary to determine whether the reducing substances produced under 
standard conditions were proportional to the relative concentration of 
diastase 

Proportionality between Enzyme Concentration and Reducing Substances 
— 1 gm samples of /3-amylose-treated cotton were digested in the presence 
of phosphate buffer of pH 7 0 and adequate sodium chloride for maximum 
activity (9) with a mixture of sahva and pancreatm The maximum re- 
ducing substances produced in two samples in 2 hours were 16 and 18 mg of 
glucose respectively A series of tests was then run with dilutions of the 
enzyme solution in order to determine the relationship between relative 
enzyme concentration and the production of reducing substances following 
15 minutes incubation with /3-amylose-treated cotton and by the standard 
Somogyi technique (Fig 1) with a 1 5 per cent starch substrate and an 
incubation period of 30 minutes at 40° (1) It is seen that the proportion- 
ahty between relative enzyme concentration and reducing substance 
•reduced holds very well up to 1000 mg of reducing sugar per 100 ml of 
'■yme solution when the /3-amylose-treated cotton is used and up to 
<u i ' 1 700 mg with the Somogyi techmque 
The values obtained for serum amylase depend not only upon the sub- 
strate but also upon several interrelated factors, all of which must be 
controlled if reproducible results are to be obtained 

1 /3-Amylose treated cotton has been used over several months without apparent 
change in activity 
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pH and Salt Concentration — The concentration of sodium chloride must 
be 0 01 m in the substrate before the enzyme activity no longer increases 
with salt concentration At salt concentrations of this value and above, 
the optimum pH for pancreatic amylase is approximately 7 1 (9) With 
a dilution of 0 5 ml of serum to 3 ml , which we proposed to use for the 
reaction, the sodium chloride would be close to the minim um concentration 
Therefore 0 5 ml of 5 8 per cent sodium chloride was added in order to 
insure a sufficient quantity for 0 5 ml samples as well as for smaller samples 
which would have to be used if very high amylase values were encountered 



UNITS OF ENZYME 

Fig 1 Curve I,mg of reducing substances produced per 100 ml of enzyme solution 
in 15 minutes with a $ amylose treated cotton substrate, Curve II, mg of reducing 
substances produced per 100 ml of enzyme solution in 30 minutes with the Somogyi 
method 

Myers et al (3) have pointed out the necessity of using a buffered sub- 
strate and have called attention to the deficiency of the Somogyi sub- 
strate in this regard Their observation that the substrate reaches a pH 
of above 8 0 with the loss of carbon dioxide has been partially confirmed, 
but the highest pH which we found was 7 8 This, however, is outside the 
optimum pH for the enzyme (9) That pH is an important factor in the 
actual determination was demonstrated by the results of seven analyses 
made by the original Somogyi technique and by modifying this procedure 
by the addition of a comparable amount of sodium chloride to the sub- 
strate and substitution of 2 ml of buffer, pH 6 8, for the 2 ml of acid 
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sodium chloride The average of the seven determinations without buffer 
was 77 mg , while that with buffer was 142 mg per 100 ml of serum 

Time and Temperature of Incubation — The time and temperature of 
mcubation appear to be arbitrarily chosen for different modifications A 
temperature of 37 5° ± 0 5° was selected for convenience, since this conforms 
to the usual temperature at which water Baths and incubators are set 
The digestion was allowed to proceed for both 15 and 30 minute periods 
and the 15 minute period was finally selected because the values for 
normal sera conformed with those found by the Somogyi method for a 
30 minute mcubation period 

Precipitation of Proteins and Determinations of Reducing Substances — 
The precipitation of the serum protein with barium hydroxide and zinc 
sulfate (10), followed by the removal of the unused substrate from the 
filtrate, serves to stop the reaction Filtrates kept at room temperature 
for 2 hours and in the refrigerator for 24 hours show no increase m reducing 
substances 

The Somogyi high alkaline reagent is sensitive to maltose and other slow 
reacting sugars (11) The Nelson color reagent used in conjunction with 
this reagent produces a coloi of higher intensity and greater stabihty than 
is produced by other color reagents It is therefore possible to increase 
the dilution of the filtrate without sacrificing accuiacy This eliminates 
the necessity for repetition of the sugar determination on smaller aliquots 
when high serum amylase values are encountered 

Procedure 

Reagents — 

1 Phosphate buffer, pH 6 8 To 250 ml of 0 2 m potassium dihydrogen 
phosphate are added 118 ml of 0 2 m sodium hydroxide, and the mLxture 
diluted to 1000 ml 

2 Somogyi high alkaline copper reagent (11) 

3 Nelson color reagent (12) 

4 /9-Amylose adsorbed on cotton 

5 Sodium chloride, 5 7 per cent 

6 Zmc sulfate (7 moles of water), 5 0 per cent (10) 

7 Barium hydroxide, 03 n (The zmc sulfate and the barium hy- 
droxide should titrate volume for volume with phenolphthalem as the 
indicator (10) ) 

Determination — To 2 ml of the phosphate buffer in a wide mouthed 
bottle or flask are added 0 5 ml of 5 7 per cent salt solution and 0 5 ml 
of serum This is allowed to reach equilibrium m the water bath and 1 
gm of /3-amylose-treated cotton is dropped m and stirred with a glass rod 
until the fluid is taken up by, and distributed throughout the cotton The 
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flask is corked and incubated for 15 (or 30) minutes 1 ml of 0 3 n banum 
hydroxide and 15 ml of water are added, followed by 1 ml of zmc sulfate 
The mixture is stirred thoroughly and the supernatant liquid is decanted 
into a centrifuge tube and centrifuged for 10 minutes A 2 ml ahquot of 
the clear supernatant fluid is measured into a tube graduated at 25 ml and 
the sugar determined according to the procedure of Somogyi (11) A 
serum sugar is determined at the same tune on a 1 10 filtrate prepared by 
adding 5 ml of water, 2 ml of banum hydroxide, and 2 ml of zinc sulfate 
to 1 ml of serum and centrifuging The serum sugar is subtracted from 
the total reducing substances It should be noted that the amylase deter- 
mination is made on a 1 40 dilution and the serum sugar on a 1 10 The 
substrate blank runs consistently between 2 and 5 mg for each batch of 
substrate and may be either determined once for each preparation of sub- 
strate or may be omitted entirely 

Normal Values 

Three senes of determinations were made on a group of normal in- 
dividuals ranging from twenty-one to 50 years of age The Somogyi 
method for amylase was used as well as determinations with the /3-amylose- 
treated cotton substrate, with incubation of the latter at both 15 and 30 
minutes 

Forty-three determinations with the Somogyi method resulted m an 
average value of 58 mg per 100 ml of serum, with 90 per cent falling within 
the range from 30 to 135 mg The 15 minute incubation of 55 sera with 
the fi-amylose-treated cotton gave an average of 73 mg , with 90 per cent 
falling between 40 and 145 mg Following 30 minute incubation, the 
average for forty-seven sera was 156 mg , with 90 per cent falling between 
95 and 250 mg With the exception of one serum which gave high values 
with each method, those falling outside the range given were consistently 
lower The 15 minute incubation period under the conditions used gave 
values which were within the numerical range of normal values of 40 to 
175 mg obtamed by Lewison (13) on the bloods of a selected group of 
patients by the Somogyi technique This fortuitous result makes it un- 
necessary to change markedly the concept of normal values from those 
estabhshed by Somogyi The lower limi t, of normal need only be lowered 
from the original value of 80 to 40 mg The normal range for the Somogyi 
technique would likewise probably be lowered to 40 mg m view of the values 
which were obtamed by Lewison on a large senes of bloods 

SUMMARY 

1 /3-Amylose adsorbed from potato starch on cotton has been shown to 
serve as a stable substrate for the determination of serum amylase 
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2 Satisfactory correlation between enzyme concentration and reducing 
substances produced is obtained up to about 1000 mg per 100 ml of 
serum 

3 This substrate does not interfere with the photoelectric determination 
of reducing sugars 

4 55 sera which were incubated for 15 minutes with this substrate gave 
an average of 73 mg per 100 ml of serum, with 90 per cent falling between 
40 and 145 mg 

5 Following an incubation period of 30 minutes, the average when this 
substrate was used for forty-seven sera was 156 mg with 90 per cent falling 
between 95 and 250 mg 

6 Forty-thiee determinations by the Somogyi method gave an average 
of 58 mg with 90 per cent falling between 30 and 135 mg 
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INFLUENCE OF CHOLINE AND METHIONINE ON PHOSPHO- 
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According to recent reviews (1, 2) the lipotropic action of choline, 
methionine, and allied substances can best be explained by an acceleration 
of phospholipide turnover in the liver Some of the evidence upon which 
this view is based was supplied by recent studies by Perlman and coworkers 
with radioactive phosphorus (3, 4) In experiments with rats that had 
ingested a low protein-high fat diet, this group from California clearly 
demonstrated that more of this radioactive element found its w ay to the 
phospholipide fraction of the livers of rats receiving supplements of chohne 
or methionine than of those to whom the unsupplemented diet alone was 
fed These findings led to the conclusion that phospholipide metabolism 
m the liver had been speeded up by these supplements and that this 
mcrease m activity was associated with lipotropic action Unfortunately 
no data on total hpide content of the hvers were included, and the desired 
proof of the existence of a relationship between this apparent increased 
activity of hver phospholipides and the decrease m hver hpide content 
was lacking The present investigation was planned with this m mind 
A study was made of the effect of chohne and methionine on total hpide 
content, the phospholipide content, and the phosphohpide activity of 
young male rats that had ingested a diet low' in protem and high in fat 
The experimental procedure consisted of placing young male rats 
(w eight 70 to 100 gm ) on a diet containing 5 per cent casein, 2 per cent 
agar, 5 per cent salt mixture (5), 48 per cent glucose, and 40 per cent fat 
(lard, elaidin, or a mixture of equal parts of lard and elaidin) for periods 
ranging from 10 to 28 days Each rat received 1 tablet of dry yeast 
(500 mg ) and 2 drops of cod hver oil daily In approximately half of 
the experiments, the diet was fed ad libitum, in the remaining studies, 
the system of paired feeding of htter mates w as adopted 8 hours prior 

* This work is taken from the thesis submitted by Marjorie G Horning to the 
Horace H Rackham School of Graduate Studies of the University of Michigan in 
partial fulfilment of the requirements for the doctoral degree, September, 1943 
t Dean Van Meter Fellow of the Alumnae Association of Goucher College, 
1942-43 
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to the termination of the periods, choline or methiomne w as administered 
by stomach tube and ladioactive phosphorus, 1 in the form of sodium 
phosphate (pH 8) , subcutaneously This pi occdure w as chosen because of 
the demonstration by Perlman and Chaikoff (3) that the maximum phos- 
phohpide tuinovei, as deteimined with ladioactive phosphorus, occurs 
in the liver betw een the 3rd and 8th hours follow mg the administration of 
choline At the end of this intei val, the animal was stunned by a blow 
at the base of the brain, the head w’as severed, and bleeding was allow’ed 
to pioceed freely The hver was removed, frozen in solid carbon dioxide, 
weighed, and pulverized in a metal ciushei (G) Total lipides were ex- 
tracted with absolute alcohol and ether in the manner Previously described 
(7) Phosphohpides weie precipitated in the usual manner with acetone 
and alcoholic magnesium chloride, ledissolved in petroleum ether, and 
reprecipitated w ith acetone Aliquots of the punfied product w ere oxidized 
with sulfuric acid and superoxol (30 per cent hydrogen peroxide), and these 
solutions w ere used for phosphorus determination by the Fiske-Subbarow' 
method (8), as modified by us to permit the use of the Evelyn photoelectric 
colorimeter In making the calculation for phosphohpides it w as assumed 
that these contained 4 per cent phosphorus A separate portion of the 
acid digest w as made alkaline w ith sodium hydroxide (pH 10) and evap- 
orated to dryness The radioactivity of this aliquot w r as determined w ith 
the Geiger-Muller counter 

Before an evaluation of our experimental data is made, it must be made 
cleat that the piocedure adopted to demonstrate lipotropic action differs 
fundamentally from the orthodox method m which compounds to be 
tested are included in the diet for a considerable length of time (2 or 3 
weeks) In our experiments, the diet was fed duung periods varying 
from 10 days to 4 weeks and the hpotropic substance administered only 
once (8 hours pnor to the end of the experimental period) In addition, 
it is recognized that overlapping betw een values for the experimental and 
control values are common findings in investigations of the phenomenon of 
fatty livers Some investigators (9, 10) have recently adopted the policy 
of poohng hvers of different groups of animals for analysis, but even then 
inconsistencies in results appear We therefore anticipated ovei lapping 
of data and no great differences between those of the experimental and 
control rats 

Table I summarizes the effect of the administration of methiomne to 
young male rats receiving the stock diet ad libitum In these experiments 
the dietary fat consisted of lard A comparison of the data for the experi- 
mental and control ammals shows that hpotropic action can take place 

1 The radioactive phosphorus used in this investigation was supplied through the 
courtesy of Dr J M Cork of the Department of Physics, Umversity of Michigan 
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Table I 

Influence of Methionine on Total Lipide and Phospholipide Content and P>* Activity 
of Phospholipides of Livers of Young Male Rats on High Fat Diet 

dl Methionine (Merck) was given as a single dose (250 mg ) by stomach tube 8 
hours prior to the end of the experimental periods which were 4 weeks in duration 
in Series 1, 2, and 3, and 3 weeks in Senes 4 P' 1 activity refers to per cent of admin- 

istered P’ 1 recovered in liver phospholipides Total lipides are expressed as per 
cent of fresh liver, phospholipides as per cent of fresh, fat free liver 


Senes No 

Rat No 

Methionine added 

No methionine added 

Total 

lipides 

Phospho- 

lipides 

pn 

activity 

Rat No 

Total 

lipides 

Phospho 

lipides 

pu 

activity 



Per cenl 

Per cenl 

Per cenl 


Per cent 

per cenl 

inppa 

i 

91 


3 9 

3 3 

100 

42 5 

3 0 



92 


3 9 

3 0 

101 

32 0 

2 6 



93 


3 2 

2 6 

102 

49 0 

3 3 



94 

24 8 

3 3 

3 0 





Average 

28 7 

3 6 

3 0 


41 2 

3 0 

2 2 

2 

76 

31 1 

3 6 

m 

86 

28 2 

2 6 

2 9 


77 

20 2 

3 0 

EZfl 

87 

25 7 

2 9 

2 8 


78 

28 1 

3 1 

4 5 

88 

40 0 

3 3 

3 0 


79 

27 3 

3 4 

3 7 

89 

28 4 

2 5 

2 2 


SO 

26 6 

3 4 

3 5 

90 

30 8 

2 7 

2 0 

Average 

26 7 

3 3 

8 3 


30 6 

2 8 

2 6 

3 

61 


4 1 

2 7 

65 

37 1 

3 5 

3 1 


63 


3 6 

2 7 

70 

39 9 

3 7 

2 7 


66 

30 4 

4 4 

2 7 

73 

35 2 

3 5 

2 9 


67 

42 7 

3 5 

2 7 

74 

31 2 

3 6 

3 0 


69 

24 5 

3 5 

2 8 

75 

27 0 

3 6 

2 9 

Average 

30 2 

3 8 

2 7 


34 1 

3 6 

2 9 

4 

123 

20 8 

3 6 

3 2 

119 

36 2 

3 0 

2 9 


125 

39 5 

3 6 

3 5 

127 

32 5 

3 6 

3 4 


126 

33 5 

3 5 

3 6 

130 

16 9 

3 0 

3 5 


128 

26 8 

3 9 

3 8 

131 

29 5 

3 3 

3 1 


129 

38 2 

3 6 

4 1 

132 

38 1 

3 4 

3 1 

Average 

31 8 

3 6 

3 6 

m 

30 6 

3 3 

3 2 

Average all rats 

29 4 

3 6 

4 5 

m 

33 3 

3 2 

2 8 


within 8 hours after the feeding of methionine In Series 1, the values 
for total liver hpide content for all of the experimental animals are sigmfi- 
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cantly low er than those for the control rats In the remaining series, 
lipotropic action is again in evidence but overlapping of the values for 
liver lipide concentration is common These inconsistencies may be due 
to the fact that no attempt ■was made to control the food intake Table I 
further shows that, in the majority of the cases, the administration of 
methionine is follow ed by a slight increase in liver phosphohpide content, 
but such increases are not necessarily accompanied by lipotropic action 
The remaimng data in Table I demonstrate that the phosphohpide activity, 
as determined with radioactive phosphorus, of the experimental rats is 
usually higher than that of the controls In Series 1, the average increase 
in activity (36 per cent) following the oral administration of supplementary 
methionine compares well with the increments in activity of 32, 33, and 
41 per cent reported by Perlman, Stillman, and Chaikoff (4) for three 
senes of rats receiving this acid as a supplement In Series 2 and 4 the 
values for phosphohpide activity of the experimental animals again exceed 
those of the control animals, but these increases are not of necessity 
associated with lipotropic action This lack m parallelism is further 
illustrated in Senes 3 and 4 In the former, lipotropic action occurred 
in Rats 63 and 69 even though the amount of radioactive phosphorus 
that migrated to the phosphohpide in the livers of these tw'o animals did 
not exceed the amount recovered m the liver phosphohpides of the re- 
maining animals of the series In Series 4, the average value for total 
liver lipide concentration in the expenmental animals was higher than 
that of the controls in spite of the fact that the phosphohpide activity 
increased as a result of the administration of the lipotropic agent Evi- 
dently an increase in phosphohpide turnover, as determined with radio- 
active phosphorus, is not necessarily associated with the removal of fat 
acids from the liver 

In the experiments grouped in Table II, the system of paired feeding 
of male litter mates was adopted Elaidin, prepared according to Sinclair 
(11), was introduced in the diets with the hope of further labeling the 
phosphohpides of the liver This proved to be unsuccessful In assaying 
the liver phosphohpide fraction for this acid a slight modification of the 
Sinclair procedure was found desirable The change consisted primarily 
of removing the brown contaminant of the insoluble lead salt fraction by 
passing the hot alcohohc solution through a sintered glass Hirsch funnel 
equipped with a steam-heated outer jacket instead of attempting to elimi- 
nate the impurity by centrifugation or decantation, as recommended by 
Sinclair (12) In addition a modified Hanus method for the determination 
of the iodine number was substituted for the Rosenmund-Kuhnhenn 
procedure employed by Sinclair The exact details of our modified 
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Table II 

Influence of Choline on Total Ltpide and Phospholiptde Content and Activity 
of Phospholiptdes of Livers of Young Male Rats on High Fat Diet 

Choline chloride (Eastman) sas given as a single dose (30 mg ) by stomach tube 
8 hours prior to the end of the experimental periods which were 3 weeks m duration 
in Senes 5, 6, and 7, and 10 days in Senes 8 In Senes 5, 6, and 7 the lard (40 per 
cent of the stock diet) was replaced by an equivalent amount of elaidin dunng the 
last 2 days In Senes 8 the dietary fat (40 per cent) consisted of an equal mixture of 
lard and elaidin during the whole penod Total lipides are expressed as per cent of 
fresh liver, phosphohpides as per cent of fresh, fat free liver Phospholipide ac 
tivity refers to per cent of administered radioactive phosphorus recovered in liver 
phosphohpides Paired feeding was followed throughout these expenments 


Senes No 

Pair No 

Choline chloride added 

No choime chloride added 

/Total lipides 

Phospho 

lipides 

Phospho 

lipide 

activity 

Total lipides 

Phospho 

lipides 

Phospho 

lipide 

activity 



per ctnl | 

per cent 

per cent 

Per cent 

per cent 

Per cent 

5 

2 


3 5 

2 2 

22 2 

3 3 

1 9 


3 

11 8 

3 8 

1 9 

18 0 

3 7 

1 5 


4 

26 5 

4 1 


19 7 

3 2 

1 3 


5 

10 5 

3 9 


22 0 

3 7 

2 5 

Average 

14 8 

3 8 

2 6 

20 5 

3 5 

1 8 

6 

7 

8 5 

3 5 

3 6 

8 6 

2 9 

2 6 


8 

9 6 

3 8 

3 7 


3 1 

3 1 


9 

6 0 

3 2 

4 0 


3 7 

2 7 


10 

10 0 

3 2 

3 4 

10 6 

2 9 

1 6 


11 

7 3 

3 8 

3 5 

6 9 

3 2 

2 9 


12 

6 8 

3 3 

3 5 

8 8 

3 1 

2 6 

Average 

8 0 

3 5 

3 6 

9 0 

3 2 

2 6 

7 

15 

10 7 

3 6 

2 9 

15 7 

3 0 

2 1 


16 

14 7 

3 4 

3 8 

19 9 

3 6 

2 3 


17 

11 1 

3 6 

3 6 

26 9 

2 8 

1 9 


18 

14 1 

3 3 

6 2 

15 6 

3 1 

2 3 


19 

13 0 

3 1 

3 7 

19 7 

2 8 

2 5 


20 

9 8 

3 6 

4 1 

12 7 

3 0 

1 9 

Average 

12 2 

3 4 

4 1 

18 4 

3 1 

2 2 

8 

24 

7 8 

4 0 

4 8 

m 

4 1 

3 0 


25 

12 1 

4 2 

5 2 

n 

3 5 

3 0 


26 

8 9 

3 7 

3 8 

11 6 

3 9 

3 6 


27 

11 5 

3 4 

4 1 

19 6 

3 5 

3 0 
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Table II— Concluded 




Chlorine chloride added 

No choline chloride added 

Scries No 

Pair No 

Total lipides 

1 

Phospho 

lipiacs 

Phospho- 

lipids 

activity 

Total lipides 

Phospho 

lipides 

Phospho 

lipide 

activity 



per cent 

per cent 

per cent 

■ 

per cent 

Per cent 

8 — con- 

28 

13 6 

3 6 

5 4 


3 2 

3 2 

tinned 

29 

11 5 

3 3 

4 3 

■SI 

3 3 

2 8 


30 

14 0 

3 0 

3 7 

Byiii 

3 1 

3 0 


31 

9 2 

3 3 

3 8 

8 5 

3 2 

3 0 


32 

14 2 

3 7 

3 6 

11 1 

4 1 

3 6 

Average 

11 5 

3 5 

3 8 

12 6 

mm 

3 1 

Average all 







rats 


11 5 

3 6 

3 8 

14 4 

3 3 

2 6 


piocedure are described elsewhere (13) With these modifications small 
amounts of elaidic acid added to liver phosphohpide fat acids could be 
quantitatively estimated 

This is illustrated in Table III On the basis of the iodine numbers of 
Samples D-l, D-2, and E the iodine value of Sample F should have been 
42 9 This is in agreement i\ ith the actual value of 43 7 obtained for 
Sample F Similarly the calculated value of 117 for the n eight of the 
solid fat acid fraction of Sample F is in good agieement mth the recorded 
value of 113 The calculation was based on the results for Heights of 
solid fat acids of Samples D-l, D-2, and E However, no elaidic acid was 


Table III 

Effect of Added Elaidic Acid on Iodine Number and Solid Fat Acids of Phospholipides 

of Rat Livers 


Sample No 

Total fat acids 

Solid fat acids 

Iodine No 


ms 

ms 


C-l 

139 

54 

13 7 

C-2 

139 

54 

12 7 

D-l 

126 

50 

11 4 

D-2 

126 

50 

13 3 

E 

134 

134 

63 0 

F 

192 

113 

43 7 


Samples C-l, D-2, D-l, and D-2 consisted of the combined fatty acids obtained 
by saponifying the phospholipides of the livers of rats on diets devoid of elaidin 
Sample E represents the fatty acids liberated by the saponification of elaidin em 
ployed in this investigation Sample F was a mixture of 125 mg of the acids 
analyzed in Samples D-l and D-2 and 67 mg of the elaidic acid used in Sample E 
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detected in the phosphohpide fraction of the hvers of rats that had ingested 
considerable amounts of elaidin 

We were led to this view from the data summarized in Table IV, wherein 
it is shown that the differences betw een the lodme numbers of the solid 
fat acid fraction derived from the phosphohpides of rats fed lard and those 
ingesting lard plus elaidin were not significant This finding is in contrast 
to that of Sinclair (12) who reported decided increases in the lodme value 
for this fraction of the phosphohpides of rats fed elaidin under circum- 
stances comparable with ours This may be due to differences in analytical 
procedure In our method a brown contaminating material w as removed 
by filtration through a steam-heated smtered glass Hirsch filter, as previ- 
ously described The complete elimination of the contaminant was not 
possible when ne applied the procedure outlined by Sinclair (12) During 
the course of our studies a considerable amount of this brown contaminant 
was accumulated Analysis showed the presence of lead (approximately 
45 per cent) Upon acidification with acetic or hydrochloric acid, a 
product soluble m ethyl ether was liberated This acidic material combined 
with halogen and had an iodine number of 60 

It is apparent from the values for total hpide content in Table II that, 
as in the case of methionine, the lipotropic action of choline can be demon- 
strated during these short periods This is strikingly illustrated in Senes 
5 and 7 In the latter case this action occurs without exception and m 
the former in three of the four pairs The lipotropic action is not marked 
m Senes 6 and 8 and overlapping of the values for total hpide concentration 
is quite evident The difference in response is probably due to the fact that 
the average total hpide content m Senes 6 and 8 is comparatively low 
It has been our expenence and also that of Channon, Mills, and Platt (9) 
that it becomes increasingly more difficult to demonstrate lipotropic 
action with methionine or choline in experiments where the “fat” content 
of the hvers of the control rats is comparatively low In this connection 
it is obvious from Table II that the most sinking illustration of hpotropic 
action in Senes 8 is exhibited by Pairs 27 and 30 in which the total hpide 
content of the controls is of the same order of magnitude as that of the 
controls of Senes 5 and 7 A further study of the data in Table II indicates 
that these higher values for hver hpide content are usually accompamed 
by values m hver phosphohpide content that are lower than 3 5 per cent 
Our average value for the phosphohpide content of the hvers of young 
male rats that had been on the regular Rockland rat diet was 3 5 per cent 
This fall in the hver phosphohpide concentration as a result of the ingestion 
of a hpogemc diet is m line with the recent report by Artom and Fishman 
(14) In addition Table II shows that, in a majority of the pairs, the 
phosphohpide content of the hver of the rat receiving choline is somewhat 
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Table IV 

Influence of Diclary Elaidtn on Iodine Number of Solid Fat Acids m Phospholipides 

of Rat Livera 


Experi- 

ment 

No 

Tat in diet* 

No of 
ani- 
mals 

Total 
phospho- 
lipidc 
fat acids 

Solid fat 
acids in 
phospho 
hpides 

Iodine 

No 




m 

t*S 


It 

40% lard 


131 

29 

12 1 


40% “ + elaidin 


223 

70 

13 0 


40% “ + “+ choline 


289 

73 

27 0 

2t 

40% “ 

2 

144 

31 

3 4 


40% “ 

2 

144 

31 

3 2 


40% “ 4- elaidin 

3 

254 

51 

7 5 


40% “ + “ + choline 

3 

298 

62 

3 9 

3t 

40% “ 

3 

283 j 

35 | 

1 6 


40% “ 

3 

287 

44 

5 3 


20% “ + 20% elaidin 

3 

330 

55 

1 6 


20% “ + 20% “ 

3 

331 

48 

6 1 


20% “ + 20% “ 4- choline 

3 

307 

47 

4 0 


20% “ 4-20% “ 4- 

3 

3-11 

49 

3 5 


20% " 4-20% “ 4- 

3 

350 

53 

11 5 

4§ 

40% “ 

3 

133 . 

42 

7 3 


40% “ 

2 

115 

29 

10 6 


20% “ 4- 20% “ 

3 

197 

« 

10 1 


20% “ 4-20% “ 

3 

200 

41 

13 9 


20% “ 4-20% “ 

3 

221 

49 

9 8 


20% “ 4- 20% “ 4- choline 

3 

267 

62 

11 1 


20% “ 4- 20% “ 4- 

3 

237 

71 

14 9 


20% “ 4- 20% “ 4- 

3 

256 

97 

8 5 

Sll 

40% “ 

3 

267 

74 

7 3 


40% “ 

2 

173 

37 

13 4 


20% “ 4-20% “ 

3 

282 

58 

12 2 


20% “ 4- 20% “ 

3 

328 

58 

11 1 


20% “ 4-20% “ 

3 

271 

51 

11 5 


20% “ 4- 20% “ 4- methionine 

3 

364 

66 

16 0 


20% “ 4- 20% “ 4- 

3 

359 

64 

12 8 


* Paired feeding was followed throughout these experiments 
t In Series I and 2 the animals were maintained on the high fat diet for 21 days 
During the last 2 days of this period elaidm was substituted for the fat of the diet in 
the cases indicated, and in addition elaidin was administered by medicine dropper 
four times daily at 4 hour intervals during these 2 days Each animal consumed 
approximately 10 gm of elaidin Choline chloride (30 mg ) was administered by 
stomach tube 8 hours before the conclusion of the experiment 

t These animals were maintained on a high fat diet for 10 days In the cases 
indicated, the diet contained 20 per cent lard and 20 per cent elaidin The consump- 
tion of elaidin was approximately 17 gm per animal Choline chloride (30 mg ) 
was administered by stomach tube 8 hours before the conclusion of the experiments 
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Table IV — Concluded 

§ These animals were maintained on a high fat diet for 19 dayB In the cases 
indicated, the diet contained 20 per cent lard and 20 per cent elaidin The consump- 
tion of elaidin was approximately 30 gm per animal Choline chloride (30 mg ) wa3 
administered by stomach tube 8 hours before the conclusion of the experiments 

|| These animals were maintained on a high fat diet for 21 days In the cases in- 
dicated, the diet contained 20 per cent lard and 20 per cent elaidin The conaump 
tion of elaidin was approximately 33 gm per animal Methionine (250 mg ) was ad- 
ministered by stomach tube 8 hours before the conclusion of the experiments 

larger than that of his control mate The differences are, however, small 
and may not be related to the phenomenon of fatty livers, since mcreases 
in liver phosphohpide content are observed m pairs in w hich no hpotropic 
action was demonstrated The influence of choline on phosphohpide 
activity is w ell illustrated in Table II by the fact that in twenty-four of 
the twenty-five pairs the administration of choline resulted m the migration 
of greater amounts of radioactive phosphorus to the liver phosphohpides 
of the experimental rats The average mcrease in activity (46 per cent) 
resulting from the injection of chohne compares well with a corresponding 
increment of 45 per cent observed by Perlman and Chaikoff (3) m similar 
experiments terminated 6 hours following the administration of chohne 
This increase m activity is not necessarily indicative of hpotropic action, 
smce, as is shown from our data m Table II, it w as accompamed by a fall 
m liver hpide content in only two-thirds of the experimental animals 

As has already been pointed out, we are entirely in agreement with 
Perlman and coworkers (3, 4) w’ho observed that the administration of 
chohne or methionine to rats on a hpogemc diet results in the transport 
of additional radioactive phosphorus to the phosphohpide fraction of the 
liver We have, in addition, shown that the hpotropic action of methionine 
or chohne can be demonstrated within 8 hours after the oral administration 
of these substances The average fall in hver hpide content was ap- 
preciably greater following the feeding of chohne This quantitative 
difference in response in these shorter experiments might be ascnbed to 
the probability first suggested by du Vigneaud et al (15) that methionine 
owes its hpotropic activity to a transmethylation reaction whereby its 
methyl group contributes to the synthesis of chohne If this is necessary 
it might be expected that during our short term experiments the response 
to administered chohne would be more rapid During these 8 hours, 
there is a general tendency for a small mcrease in hver phosphohpide 
concentration when chohne or methionine is fed This mcrease in con- 
centration, however, is not always accompamed by a fall m hver hpide 
content, and hence may not be related to the phenomenon of fatty livers 
In the same manner a lack of parallelism exists betw een hpotropic action 
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and increase in phospholipide turnover as determined with radioactive 
phosphorus In some of the experiments with methionine, lipotropic 
action had evidently taken place without any apparent increase in phos- 
pholipide activity, in others the feeding of the amino acid accelerated the 
transfer of ladioactive phosphorus without a fall m liver lipide content 
This lack in parallelism is also apparent when choline is given Evi- 
dently an increase m phospholipide turnover as determined with the radio- 
active element does not of necessity indicate an increase in fat metabolism 
m the liver 


SUMMARY 

1 The lipotropic action of methionine and choline can be demonstrated 
8 hours after the oral administration of these methylated products to 
young male rats that had previously ingested a hpogenic diet for periods 
varying fiom 10 days to 4 weeks 

2 The oral administration of methionine oi choline is usually followed 
by an mci eased transport of radioactive phosphorus to the phospholipide 
fraction of the liver as w ell as a slight increase m concentration of liver 
phosphohpides These increases are not always accompanied by a fall 
m liver lipide content and may not be related to lipotropic action 

3 Under the conditions obtaining in our experiments it was not possible 
to detect elaidic acid m the phosphohpides of the livers of young male 
rats that had ingested considerable amounts of elaidin 
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ON THE PROTEOLYTIC ENZYMES OF ANIMAL TISSUES 
V PEPTIDASES OF SKIN, LUNG, AND SERUM* 
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the Laboratories of The Rockefeller Institute for Medical Research, New York ) 

(Received lor publication, September 4, 1946) 

la previous papers of thi3 senes (1-3), it was shown that extracts of 
animal tissues (swine kidney, beef spleen, etc ) contain a vanety of pro- 
teolytic enzymes which may be charactenzed by their specific action on 
synthetic peptides and peptide denvatives Several of these tissue en- 
zymes were found to reqmre in their substrates structural elements similar 
to those present in specific substrates for crystalline pancreatic trypsin 
The members of this group of enzymes have been termed trypsmases 
Similarly, tissue enzymes related in specificity to pepsin have been named 
pepsinases and those related to pancreatic carboxypeptidase have been 
named carboxypeptidases Enzymes belonging to the same specificity 
group (eg the various trypsmases, including pancreatic trypsin) have 
been designated homospecific enzymes Thus far, the following groups 
of homospecific proteolytic enzymes have been identified Trypsmases 
(typical substrate, benzoyl-Largininamide) , pepsmases (typical substrate, 
carbobenzoxy-i-glutamyl-Z-tyrosme) , carboxypeptidases (typical substrate, 
carbobenzoxyglycyl-f-phenylalamne), and leucme ammopeptidases (typ- 
ical substrate, Meucinamide) 

The trypsmases and pepsinases are endopeptidases, they are capable of 
hydrolyzing peptide linkages that are not adjacent to a free terminal ammo 
or carboxyl group Consequently these enzymes are able to hydrolyze 
central peptide linkages m peptides of high molecular weight as well as m 
proteins The carboxy- and ammopeptidases are exopeptidases, they are 
limited in their action to peptide bonds adjacent to a free a-carboxyl or 
a-amino group in the substrate 

In view of the limited number of tissue proteolytic enzymes whose 
specificity has been investigated thus far, it seems desirable to continue 
the examination of the proteolytic enzymes present m various ammal 

‘The studies conducted at Yale University were aided by grants hom the Roche 
feller Foundation and the Fluid Research Fund of the Yale University School of 
Medicine A portion of the research earned on at the Rockefeller Institute a as 
done under Contract OEMsr 313 between The Rockefeller Institute for Medical 
Research and the Office of Scientific Research and Development, which assumes no 
responsibility for the accuracy of the statements contained herein 
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tissues In the present communication, data are presented concerning 
some of the proteolytic efizymes found m extracts of skm and lung and in 
serum 


Proteolytic Enzymes in Skm Extracts 

The recent investigations of Beloff and Peters (4) have provided evidence 
for the presence, m extracts of rat skin, of at least two proteolytic enzymes 
One of these is a proteinase which these authors believe to be of a type not 
previously described In addition, they showed that skin extracts are able 
to hydrolyze Meucylglycylglycme (Z-LGG), and this action was attributed 
to peptidases different from the protein-splitting enzyme mentioned before 
The fact that extracts of dog skin contain peptidases active toward l- 
LGG has been shown by Zamecnik el al (5) 

The experiments described in this section of the present communication 
deal with the peptidases of rabbit skm When this tissue is extracted 
with 2 per cent sodium chloride solution and the extract is clarified with 
Filter-Cel, the resulting solution exhibits considerable proteolytic activity 
at pH 7 7 to 8 0 toward substrates such as Z-LGG, glycylglycylglycme 
(GGG), and glyeyl-Z-prohne (GPro), as may be noted from the data in 
Table I The dipeptides Heucylglycine (LG), glycylglycme (GG), and 
glycyl-Z-leucine (GL) are split very slowly or not at all, while the typical 
substrate for leucine ammopeptidase, Z-leucinamide (LA), is not split 
appreciably within 24 hours under the expenmental conditions employed 
m this study It will be seen m Table I that the presence of 0 001 m 
MnSO< causes a marked rise in the rate of hydrolysis of LA, thus indicating 
the presence, m the saline extract, of a manganese-activatable leucme 
ammopeptidase It has been shown previously (2, 6) that enzymes be- 
longing to this specificity group hydrolyze pot only LA but also LG and 
Z-LGG It may be inferred, therefore, that the increase m the rate of 
hydrolysis of LG and Z-LGG by the saline skm extract upon addition of 
MnSO* is due, at least in part, to the action of a leucme ammopeptidase 
The typical substrate for trypsinases, benzoyl-Z-arginmamide (BAA), 
and the typical substrate for pepsinases, carbobenzoxy-Z-glutamyi-Z- 
tyrosme (CGluT), are not split measurably m 24 hours, and similar negative 
results were obtamed with carbobenzoxyglycyl-Z- phenylalanine (CGPha), 
the typical substrate for carboxypeptidases, as well as with the acylated 
peptides carbobenzoxy-Z-Ieucylglycylglycme (C-Z-LGG) and carboben- 
zoxyglycylglycme (CGG) 

It would appear, therefore, that of the hitherto recognized specificity 
types of proteolytic enzymes the only one which can be identified m the 
saline skm extract is a leucme ammopeptidase Trypsmase, pepsmase, 
and carboxypeptidase activity could not be demonstrated, even m the 
presence of added cysteine, which is known to activate several of the 


J S FfHJTON 


723 


tissue enzymes belonging to these groups Beloff and Peters (4) tested 
the activity of a saline extract of rat skm toward BAA and carbobenzoxy-Z- 

Table I 

Proteolytic Activity of Saline Extracts of Rabbit Skin 


Enzyme concentration, 0 092 mg of protein nitrogen per cc of teBt solution 


Substrate 

pH 

Time 

Hydrolysis 

No activator 
added 





hrs 

per cent 

per uni 

per cent 

l Leucylglycylglycine 

7 9 

i 

13 

20 

12 



2 

24 

38 

27 



3 

38 

55 

37 



S 

68 

90 




20 

112 

126 



5 0 

24 

2 


1 

Glycylglycylglycine 

8 0 

2 5 

29 

27 



I 

5 5 

71 

65 




28 

123 

118 


Glycyl l proline 

8 0 

6 

6 

10 




24 

46 

84 


l Leucylglycine 

8 0 

5 


41 

3 



20 


94 

18 

I Leucinamide 

7 9 

t 3 


12 

3 



24 


63 

3 

Glycylglycine 

8 2 

24 

14 

17 


Glycyl-i leucine 

8 0 

24 

20 

25 


Carbobenzoxy l leucyl 

liltoSfjM 

48 

0 



glycylglycine 

mm 





Carbobenzoxyglycylgly- 

■ 

24 

1 



cine 






Benzoyl l argininanude 

4 9 

24 

0 


0 


7 5 

24 

1 



Carbobenzoxy i gluta- 

5 6 


2 


1 

myl l tyrosine 

7 6 

24 

0 



Carbobenzoxyglycyl l- 

5 0 

24 

1 


4 

phenylalanine 

7 6 

24 

2 



Benzoylglycinanude 

5 0 

24 



2 


7 5 

24 

1 



Carbobenzoxy l senn- 

5 0 

24 



3 

amide 

7 6 

24 

2 




tyrosylglycinamide, a substrate for pancreatic chymotrypsm, with negative 
results The data presented in Table I support the conclusion of Beloff 
and Peters that the endopeptidase activity of skm extracts is of a speci- 
ficity type not identified thus far 

Hydrolysis of l-LGG by Skin Extracts — It will be seen from the data in 
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Table I that the extent of hydrolysis of l-LGG by the saline enzyme 
extract exceeds that expected for the hydrolysis of one peptide linkage 
As noted earlier, the presence of 0 001 m MnSCh increases the rate slightly 
However, when the saline extract is dialyzed against distilled water for 
3 days at 4°, and the resulting precipitate is removed, the behavior of the 
solution toward Z-LGG is altered The data in Table II show that the 
extent of hydrolysis does not exceed that expected for the hydrolysis of 
one peptide bond and, furthermore, that the addition of MnSO* is without 
noticeable effect on the rate of hydrolysis 


Table II 

Prolcolylic Activity of Waler-Dialyzcd Extract of Rabbit Skin 
Enzyme concentration, 0 066 mg of protein nitrogen per cc of teat solution 


Substrate 

pff 

Time | 

Hydrolysis 

No MnSO« added 

0 001 u MnSO« 
present 



lirs 

ter cent 


Z-Leucylglycylglycine 

7 8 

2 

48 




6 

86 




24 

99 




48 

102 


Glycylglycylglycine 

8 0 

3 

63 




21 

101 




46 

100 

101 

Glycyl-Z-prohne 

8 0 

3 

3 

11 



21 

16 

65 

Z-Leucylglycino 

8 0 

20 

1 

2 

f-Leucinamide 


20 

2 

1 

Carbobenzo\y-Z-leucyl- 


48 

0 


glycylglycino 


1 



d-Leucylglycylglycine 


48 

1 



The hydrolysis of Z-LGG by the water-dialyzed extract follows the 
kinetics of a zero order reaction As will be seen from the data in Table 
III, this applies to hydrolysis up to 75 per cent The kinetics of a given 
hydrolysis may therefore be defined by a constant Ki C o which equals per 
cent hydrolysis per minute In Table III, the proteolytic coefficient C 
is defined as /(enzyme concentration (expressed as mg of protein mtrogen 
per cc of test solution)) The data in Table III give a value for doo of 
5 9 to 6 0, thus showing that the rate constant is proportional to the enzyme 
concentration in this experiment 

The hydrolysis of only one peptide linkage of Z-LGG by the water-dia- 
lyzed extract has permitted the determination of the point of enzymatic 
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cleavage This was found to be at the peptide bond involving the car- 
bonyl group of the leucyl residue, as indicated by the isolation, from the 
enzymatic hydrolysate of leucme as a 2-bromotoluene-5 sulfonate and of 
glycylglycine as a salt of 5-mtronaphthalene-i-sulfomc acid 
The results just presented justify the conclusion that the hydrolysis of 
1-LGG by the water-dialyzed skin extract is due to the action of a single 
proteolytic enzyme which may be tentatively named “dermopeptidase ” 

Table III 

Kinetics of Hydrolysis of l Leucylglycylglycine by Dermopeptidase 


The pH was maintained at 7 7 in all eases 


Enzyme concentration 
protein N per cc teat 1 
solution 

Time 

Hydrolysis 

a' 

LGG 

C Lg (“verage) 

mi 

min 

per cent 



0 050 

60 

18 

1 

6 0 


120 

36 




180 

53 

0 29 



240 

73 

0 30 


0 0375 

60 

14 

0 23 

5 9 


120 

26 

0 22 



180 

40 

0 22 



240 

53 



0 025 

60 

9 


5 9 


120 

18 

0 15 



180 

25 

0 14 



240 

37 

0 15 


0 0165 

60 

5 

0 09 

6 0 


120 

13 

0 11 



180 

18 

0 10 



240 

25 

0 10 


0 010 

180 

9 


6 0 


300 

21 

fiEH 



* Clog = jKlgo per mg protein N 


Since this enzyme does not split LA even in the presence of MnSO ( (cf 
Table II), it cannot be homospecific with the known leucme aminopep- 
tidases Dermopeptidase resembles closely an enzyme found by Smith 
and Bergmann (6) m lead acetate-treated extracts of swine intestinal 
mucosa Such extracts are able to hydrolyze 1-LGG rapidly and the ad- 
dition of MnSO< has no activating effect on this splitting These authors 
suggested that the enzyme acting on 1-LGG belongs to the group of uxu- 
doendopeptidases which would require, m the backbone of their substrates, 
the groups italicized in the following formula of LGG 
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I 

/T , C 4 H, CH CO — ! — NH CH, CO- -NH CH, COOH 

(I) I ! 

NH, 

A definite decision as to the specificity requirements of the peptidase in 
intestinal mucosa has not been reached However, in view of the finding 
of similar enzymes m skm and, as will be shown later m this paper, in lung 
and serum, further data on the specificity of this group of enzymes are 
most desirable 

In the case of dermopeptidase, it would appear that a terminal free amino 
group is reqmred m the substrate in order for hydrolysis to occur This 
is indicated by the failure of the skin extracts to hydrolyze C-Z-LGG ( cf 
Tables I and II) It has not been reported whether lead acetate-treated 
extracts of intestinal mucosa can hydrolyze C-Z-LGG, and a decision on the 
essential nature of the terminal ammo group therefore cannot be made in 
this case As pointed out by Smith and Bergmann (6), an enzyme of the 
specificity type charactenzed by Formula I would be expected to 
hydrolyze other tripeptides containing a central glycine residue As will 
be seen from Table II, the water-dialyzed skin extract rapidly hydrolyzes 
GGG and the hydrolysis stops after one peptide linkage has been split 
The presence of 0 001 m MnS0 4 results in a shght inhibition of the rate of 
splitting It will be of interest to determine in future experiments whether 
the hydrolysis of GGG is performed by the same enzyme which acts on 
LGG, namely dermopeptidase 

The antipodal specificity of dermopeptidase is shown by the failure of 
the water-dialyzed skin extract to hydrolyze cZ-LGG 

Although the specificity type of dermopeptidase and of the related 
enzyme from intestinal mucosa at present cannot be defined with certainty, 
it is clear that these enzymes represent a group of proteolytic enzymes 
different in specificity from the four groups of homospecific enzymes 
mentioned m the introduction to this paper 

Properties of Dermopeptidase — As will be noted from the data m Table 
IV, this enzyme is extremely sensitive to shght acidity Thus, while 
dermopeptidase is quite stable at 40° for 1 hour at pH values more alkaline 
than 5, extensive inactivation occurs at more acid pH values This result 
raises the possibility that the acid inactivation involves the dissociation of 
a metal-enzyme complex While this possibility cannot be excluded, it is 
of interest that 0 01 M cysteine does not inhibit the action of the enzyme 
and 0 02 m KCN produces only a shght decrease in activity No effect on 
dermopeptidase activity was observed when 0 001 m lodoacetate was present 
m the test solution 

Hydrolysis of Dipeptides and Leueinamide — As noted above, LG, GG, 
GL, and LA are hydrolyzed extremely slowly or not at all by the saline 
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extract of rabbit skin However, the presence of 0 001 m MnSOi results 
in a marked acceleration of enzymatic action on LG and LA and a slight 
increase m the rate of hydrolysis of GG and GL The strong manganese 
activation of the hydrolysis of LG and LA indicates the presence, in the 
saline extract, of a leucme aminopeptidase with properties similar to that 
found in si vine intestinal mucosa (6) The slight increase in the rate of 
hydrolysis of Z-LGG by the saline extract when MnSO< is added indicates 
that leucme aminopeptidase participates, to some extent, in the hydrolysis 
of this substrate Thus, m the crude extract, at least two enzymes are 
involved in the hydrolysis of Z-LGG, a manganese-activatable aminopepti- 
dase as well as dermopeptidase In addition, the GG liberated m the 

Table IV 

pH Stability of Dermopeptidase 

The pH of the enzyme solution was adjusted by the addition of Buitable amounts 
of 0 1 N hydrochloric acid to the veronal buffer enzyme mixture After 1 hour at 
40°, the pH was readjusted to pH 7 6 and the substrate (l leucylglycylglycine) was 
added Enzyme concentration, 0 033 mg of protein nitrogen per cc of test solution 


pH of enzyme solution 

<co 

7 5 

0 19 

7 2 

0 19 

6 7 

0 19 

6 3 

0 20 

5 9 

0 19 

5 3 

0 18 

4 5 

0 06 

4 2 

0 015 

3 5 

0 00 

3 0 

0 00 


course of this combined enzyme action is probably hydrolyzed to some 
extent, although this action does not appear to be subject to activation 
by manganese The difference in the behavior of leucyl peptides and 
glycyl peptides toward added MnSO* indicates the presence, m the saline 
extract, of peptidases other than leucine aminopeptidase and dermopep- 
tidase 

It was mentioned before that dialysis of the saline skin extract against 
distilled water destroys the enzymatic activity toward the dipeptides and 
LA even when the test is performed m the presence of MnSO t Attempts 
to extract, with 2 per cent saline, the manganese-activatable enzymes from 
the precipitate formed during dialysis were unsuccessful Apparently 
these enzymes undergo irreversible inactivation on dialysis 

Hydrolysis of Glycyl-l-proline — It has been shown previously (7) that 
extracts of intestinal mucosa contain an enzyme specifically adapted to the 
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hydrolysis of peptide linkages involving the unino nitrogen of Z-proline 
This enzyme, named prolidase, has been found by Smith and Bergmann (6) 
to hydrolyze not only glycyl-Z-prohne but glycyl-Miydroxyprohne as well 
They showed further that the prolidase of swine intestinal mucosa is acti- 


Table V 

Proteolytic Activity of Extracts of Human Skin 


Substrate 

pH 

Time 

II 

Hydrolysis 

Saline extract 0W2mg 
protein N per cc test 
solution 

Water dialyzed extract 

0 009 mg protein N per 
cc test solution 



No MnSOi 
added 

0 001 u MnSOi 
present 



1 hrs 

per cent 

per cent 

per cent 


iZ-Leucylglycylglycine 

7 9 

2 

44 

68 

12 




4 

85 

109 

25 


Glycylglycylglyctno 

8 0 

2 5 

45 

45 

11 




4 5 

73 

72 

19 




8 



36 

28 

Glycyl Z-prohne 

8 0 

2 5 


9 





6 5 


16 





23 

12 

63 

6 

36 

Z-Leucylglyctne 

8 0 

2 5 

32 

45 





4 5 

54 

65 





23 



0 

0 

Z-Leuctnanude 

7 9 

2 

0 

17 





4 

2 

38 





23 




1 

Glycylglycine 

8 0 

4 5 

10 

26 



■ 


23 

22 

40 

0 

1 

Glycyl-Z-leucino 

7 9 

4 5 

55 

43 

2 

2 

Benzoyl -Z argimnamtde 

4 9 

24 

0* 





7 5 

24 

1 




Carbobenzoxy Z-iso- 

5 2 

24 

1* 




glutamine 

7 4 

24 

2 




Benzoylglyctnamtde 

m 

24 

0 


1 



* 0 01 M cysteine present 


vated by manganese ions It was of interest to find, m the present study, 
that saline skin extracts contain appreciable prolidase activity, which is 
also mcreased on addition of MnSO* As will be noted from Table II, 
the prolidase of skin is not inactivated appreciably on dialysis against 
distilled water, and thus accompames the dermopeptidase in the water- 
dialyzed extract 

Proteolytic Activity of Extracts of Human Skin — Saline extracts of human 
skin, obtained at autopsy, showed an enzymatic behavior essentially 
similar to that previously found with extracts of rabbit skm ( cf Table V) 
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Here again, the presence of a special enzyme capable of hydrolyzing l- 
LGG could be demonstrated As will be seen from Table V, this enzyme 
does not require the addition of manganese ions for activity and is stable 
to dialysis against distilled water The presence of a manganese-activat- 
able leucine aminopeptidase and of prolidase could be demonstrated in the 
saline extract As in the case of the rabbit skin extract, dialysis against 
distilled water destroyed the leucme aminopeptidase activity 

Table VI 

Proteolytic Activity of Saline Extracts of Rabbit Lung 


Enzyme concentration, 0 15 mg of protein nitrogen per cc of teat solution 


Substrate 

pH 

Time 

Hydrolysis 

No activator 
added 





hrs 

per cent 

per cent 

per cent 

l Leucylglycylglycme 

7 8 

i 

29 

44 

30 



2 

57 

77 

54 

Glycylglycylglycme 

7 8 

2 

19 

15 




4 


33 


l Leucylglycine 

7 9 

3 


54 


2 Leucnmnnde 

7 8 

2 

4 

28 




4 

7 

51 


Glycylglycme 

7 7 

4 5 


12 


Glycyl 2 leucine 

7 8 

4 5 

21 

25 


Glycyl 2 phenylalanine 

7 8 

4 5 

18 

21 


Benzoyl 2 argimnamide 


20 



4 


7 5 

20 

2 



Carbobenzoxy 2 ibo- 

5 4 

20 



0 

glutamine 






Carbobenzoxy 2 gluta- 

5 2 

20 

0 



myl 2-tyroaine 






Carbobenzoxyglycyl 2- 

5 3 

20 



0 

phenylalanine 

7 6 

20 

0 


0 


Proteolytic Enzymes m Lung Extracts 

The data m Table VI show several points of similarity m the proteolytic 
activity of extracts of rabbit lung as compared with that of skin extracts 
Thus 2-LGG and GGG are spht rapidly m the absence of added manganese 
ions, and addition of MnSCh leads to an accelerated hydrolysis m the case 
of 2-LGG but not of GGG The activation of 2-LGG splitting by man- 
ganese may be attributed to the participation of a leucme ammopeptidase 
whose presence in the lung extract is shown by the rapid hydrolysis of LA 
and LG in the presence of MnSOi As in the case of the skin extracts, no 
evidence could be found for the presence, m lung extracts, of proteolytic 
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enzymes homospecific with the known trypsmases, pepsmases, or car- 
boxypeptidases 

Dialysis of a saline extract of rabbit lung against distilled water for 4 
days at 4° leads to the loss of leucine axmnopeptidase activity but the 
ability to hydrolyze Z-LGG is retained The addition of 0 001 m MnSOj 
does not increase the rate of hydiolysis It may be concluded, therefore, 
that rabbit lung extracts contain a proteolytic enzyme related to the 
dermopeptidases of rabbit and human skm 

Proteolytic Enzymes of Serum 

Numerous workers have studied the hydrolysis of peptides by sera of 
various animals Gi assmann and Heyde, in particular, showed that sera of 
rabbits, swine, horses, and humans caused rapid hydrolysis of LGG and 
a slow splitting of LG (8) The optimum pH for the hydrolysis of LGG 
was found to be about 7 5 On standing, the sera lost their activity toward 
the dipeptide but retained the ability to split the tnpeptide For this 
reason, the authors concluded that there were present, in serum, at least 
two enzymes, one of which was classified as a dipeptidase and the other as 
an aminopolypeptidase Abderhalden and Hanson (9) found no car- 
boxypeptidase activity m rabbit plasma or serum when chloroacetyl-Z- 
tyrosire and several N-acylated peptides were used as substrates Masch- 
mann (10), in an extensive study of the hydrolysis of di- and tnpeptides 
by sera of sheep, rabbits, and guinea pigs, found that the addition of man- 
ganese, magnesium, or cobalt ions markedly increased the rate of splitting, 
especially m the case of the dipeptides Considerable variability m the 
response to these metals was observed, depending on the nature of the 
metal, the structure of the substrate, and the type of serum wluch was 
employed 

Hydrolysis of l-LGG — In the present communication, additional data are 
presented concermng the serum enzymes which hydrolyze Z-LGG The 
findings suggest a relationship between these enzymes and those found in 
extracts of skm and lung 

It will be noted from Table VII that rabbit serum hydrolyzes Z-LGG 
rapidly at pH 7 6 to 7 7 and that the observed rate of splitting follows the 
kinetics of a zero order reaction The rate may therefore be expressed by 
the constant Klqg which is defined as per cent hydrolysis per minute 
Withm the limits of enzyme concentration given in Table VII, the value of 
the constant is proportional to the amount of serum per cc of the test 
solution 

A surprisingly constant value for K\ G q was noted when fifteen normal 
rabbits of varying size (2400 to 3750 gm ) were tested for their serum 
peptidase level This value was found to be 0 18 ± 0 01 for 0 1 cc of rabbit 
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serum per cc of test solution In the case of several normal rabbits, suc- 
cessive blood samples were drawn at intervals of 24, 48, and 72 hours 
The peptidase level was the same (0 18 ± 0 01) for all the blood samples 
It may be mentioned m this connection that Grassmann and Heyde (8) 
observed a similar constancy of the serum peptidase level m normal human 
subjects when LGG was used as the substrate From the data of Grass- 
mann and Heyde, an approximate value for the peptidase index of normal 
human serum may be calculated Assuming zero order kinetics and pro- 
portionality between rate and enzyme concentration, jKloq 18 found to 


Table VII 

Hydrolysis of l Leucylglycylglycine by Rabbit Serum 


Rabbit scrum per 
cc test solution 

Added substance 

Time 

Hydrolysis 

(average) 

cc 


mm 1 

per cent 


0 2 

None 

40 

14 

0 36 



80 

30 




120 

43 



tt 

70 

12 

0 18 



170 

32 




300 

65 


0 05 

II 

70 

7 

0 10 



170 

15 




300 

34 


0 2 

0 001 M MnSOi 

60 

24 

0 39 



120 

46 


0 2 

0 01 “ cysteine 

80 

25 

0 32 



120 

39 


0 2 

0 02 “ cyanide 

80 

18 

0 24 



120 

31 


0 2 

0 001 “ lodoace- 

80 

31 

0 38 


tate 

120 

44 



be 0 035 for 0 1 cc of human serum per cc of test solution This value is 
one-fifth of that found for rabbit serum 
The presence of 0 001 m MnSOi did not increase appreciably the rate of 
hydrolysis of Z-LGG by rabbit serum This result agrees with the finding 
of Maschmann (10) for rabbit serum It should be added that, with guinea 
pig serum, he found activation of LGG hydrolysis by MnSOi This latter 
observation has been confirmed in the course of the present study In 
agreement with Maschmann’s data, appreciable inhibition of LGG hy- 
drolysis by rabbit serum was observed when 0 02 ii cyanide was present 
However, the addition of 0 01 m cysteine caused only slight inhibition and 
the addition of 0 001 m lodoaeetate did not influence appreciably the enzy- 
matic activity 
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It was noted earlier in this paper that the dermopeptidase of rabbit skin 
is extremely sensitive to slight acidity, and a similar result has been ob- 
served for the rabbit serum peptidase Thus, exposure of rabbit serum to 
pH 3 75 at 40° for 1 hour led to complete loss of enzyme activity Dialy- 
sis against distilled water for G days at 4° did not destroy the ability of 
rabbit serum to split l-LGG 

For comparative purposes, experiments were also performed on the 
hydrolysis of l-LGG by horse serum {cf Table VIII) In this case, the 
enzymatic activity per cc of scrum was somewhat less than that of rabbit 
serum Furthermore, although no appreciable activation by OOOf M 
MnSCh was noted, there was considerable inhibition on addition of cysteine 
It was of interest to note that, when MnSO< and cysteine were added to- 
gether, the activity toward Z-LGG was almost completely inhibited 


Table VIII 

Hydrolysis of l-Lcucylglycylglycine by Horse Serum 
0 2 cc of scrum was present per cc of test solution, pH, 7 8 


Added substance 

Time 

Hydrolysis 



mtn 

per cent 


None 

180 

22 



330 

39 


0 001 m MnSO< 

180 

23 



330 

40 


0 01 “ cysteine 

180 

13 



325 

20 


0 001 “ MnSOi + 

180 

2 


0 01 “ cysteine 

300 

4 



Similar inhibition of Z-LGG hydrolysis by MnSOi plus cysteine was also 
observed in the case of rabbit serum and rabbit lung, although in these 
cases the magnitude of the effect was not as great as that found for 
horse serum No explanation for these effects can be offered at present 
Specificity of Serum Peptidases — As noted earher, Grassmann and Heyde 
(8) attnbuted the hydrolysis of LGG to a serum ammopolypeptidase 
This was in keeping with the classification of the proteolytic enzymes cur- 
rent m 1930, when these enzymes were defined on the basis of the chain 
length of the substrates which they attacked It has smee become clear 
that this classification is inadequate and must be replaced by one m which 
the specificity is defined in terms of the backbone and side chain require- 
ments m the substrate (11) In the section of this paper deahng with the 
proteolytic enzymes of the skin, evidence was presented to show that the 
action of skm extracts on Z-LGG is due to at least two enzymes, a man- 
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ganese-activatable leucine aminopeptidase and another enzyme, of dif- 
ferent specificity, named dermopeptidase The leucme aminopeptidase 
activity of rabbit serum is low, as is evidenced by the slow hydrolysis 
of LA and LG even in the presence of added manganese ions These results, 
coupled with the data of Grassmann and Heyde and of Maschmann, give 
strong support for the participation of at least two enzymes in the hy- 
drolysis of Z-LGG by rabbit serum, and presumably other sera as well 
One of these may be classified as a manganese-activatable aminopeptidase, 
while the other, apparently present in a more active state, is related in 
specificity and other properties to the dermopeptidases The relative 
amounts of these two enzymes would determine the response of a given 
serum to the addition of metal activators and may explain the variability 
observed by Maschmann m the activation behavior of sera of different 
species 

“Proteinoses" and “Antiproieinases” of Serum — In 1903, Delezenne and 
Pozerski (12) showed that the proteolytic activity of serum could be in- 
creased by treatment with chloroform More recently, Milstone (13) 
and Christensen (14) have demonstrated that serum contains an inactive 
proteinase which may be activated by streptococcal “fibnnolysin ” Chris- 
tensen and MacLeod (15) have shown further that the enzyme activity 
elicited by chloroform or by fibnnolysin is due to the same proteinase, and 
the name “plasmin” has been suggested for this enzyme Apparently 
plasmin has a substrate specificity different from that of pancreatic trypsin 
The last named workers have shown also that the activation of plasmin 
by streptococcal fibnnolysin is a catalytic reaction analogous to the acti- 
vation of trypsinogen by enterokinase For this reason, the fibnnolysin 
is termed “streptokinase ” On the other hand, the activation of plasmin 
by chloroform treatment is attnbuted to the removal of an inhibitor present 
m serum followed by autocatalytic activation of plasmin Taylor el al 
(16) have provided experimental data on the distnbution of plasmin in 
fractions of human plasma Ferguson (17) and Tagnon el al (18) have 
discussed the possible role of this enzyme m blood coagulation 

The current interest m the physiological role of the plasma protemases 
suggested the desirability of finding substrates of known structure for these 
enzymes Accordmgly, rabbit serum was allowed to act on a variety of 
peptide derivatives which had previously been found to be hydrolyzed by 
protemases (endopeptidases) These substances included BAA, hip- 
puiyl-Z-argimnamide (HAA), CGIuT, carbobenzoxy-Z-isoglutamine (CiG), 
carbobenzoxy-Z-sennamide (CSA), and benzoylglycinamide (BGA) Of 
this group, only BGA was found to be split appreciably by rabbit serum 
(c/ Table IX) Although hydrolysis of BGA was noted at pH 5 3 to 
5 4, both in the presence and the absence of cysteine, the substrate was 
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hydrolyzed more rapidly at pH 7 6 The hydrolysis of BGA by rabbit 
serum occurs at the amide linkage involving the carbonyl of the glycine 
residue, as was shown by the isolation of hippunc acid (m p 186-187°) 
from the hydrolysate and the finding of the quantity of ammonia expected 
on the basis of the extent of liberation of carboxyl groups 
As has been shown previously (19), BGA is hydrolyzed rapidly by 
cysteine-activated papain to yield hippunc acid and ammonia It would 
appear, therefore, that serum contains an endopeptidase which is homo- 
specific with an enzymatic component of papain Since these enzymes 


Table IX 

Action of Rabbit Serum on Substrates for Endopeptidascs 
0 2 cc of serum was present per cc of test solution 


Substrate 

pH 

Time 

Hydrolysis 



Ars 1 

fer cent 

Benzoylglycinamide 

5 4 

18 

20* 



42 

30* 


5 3 

18 

15 



42 

33 


7 Of 

18 

27 



42 

47 

Benzoyl-Z-argimnamide 

5 0 

20 

2* 


7 7f 

20 

1 

Hippuryl-Z-argimnamide 

7 8f 

20 

0 

Carbobenzoxy-Z-glutamyl l- 

5 6 

20 

1 

tyrosine 

7 8f 

20 

0 

Carbobenzoxy Z-isoglutarmne 


20 

0* 



20 

1 

Carbobenzoxy-Z-sermaimdo 


20 

2* 


7 6f 

20 

4 


* 0 01 m cysteine present 
t 0 02 m phosphate used as buffer 


do not fit into any of the specificity groups of proteolytic enzymes identi- 
fied thus far, it may be concluded that the hydrolysis of BGA involves the 
action of a type of endopeptidase different from those designated as tryp- 
sinases or pepsinases 

In view of the possibility that the proteolytic activity of rabbit serum 
toward one or more of the peptide derivatives may be masked either through 
inhibition or by inadequate activation, samples of rabbit serum were 
shaken with chloroform according to the directions of Tagnon el al How- 
ever, no appreciable proteolytic activity toward BAA, CGluT, CiG, or 
CSA was observed following such treatment, and the activity toward BGA 
was not measurably increased 
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Through the kindness of Dr Edwin J Cohn, an opportunity was pro- 
vided to test the proteolytic activity of fractions of human plasma toward 
several peptide derivatives Preliminary experiments have shown that, 
in addition to activity toward LGG, the globulin fractions III and IV 
contained enzymatic activity toward BGA This work is being continued 
Work on these proteinases has been made difficult by the complex com- 
position of plasma and especially by the presence of inhibitors for pro- 
teolytic enzymes The ability of small amounts of serum to inhi bit, the 
action of pancreatic trypsin has long been recognized, although the nature 
of substances responsible for this effect is still under discussion (20) Re- 
cently, Beloff (21) has shown that a component of the albumin fraction of 
plasma acts as a powerful inhibitor of the skin proteinase described by 
Beloff and Peters (4) 


DISCUSSION 

The data in the present communication indicate the presence, in 
extracts of skin and lung tissue and in serum, of peptidases capable of 
actmg on LGG but different from the hitherto recognized leucme amino- 
peptidases There are, in addition, reports in the literature which 
suggest the presence of similar enzymes in intestinal mucosa (6), in lymph 
and muscle (5), and in leucocytes and lymphocytes (22, 23) The wide- 
spread distribution of these enzymes in tissues raises the possibility that 
they may have a common origin and that they are obtamed on extraction 
of a particular tissue such as skin or lung, not from the characteristic cells 
of that tissue but from cells such as leucocytes or lymphocytes present m 
the tissue Furthermore, the presence of these peptidases in serum 
suggests that they are liberated into the circulating body Quids m the 
course of the disintegration of cells such as lymphocytes This view is 
supported by the finding 1 that the injection of mice or rabbits with pitui- 
tary adrenotropic hormone or with adrenal cortical extracts leads to a 
marked increase in the capacity of the sera of these animals to spht LGG 
The rise m serum peptidase activity is seen during the period following 
hormone administration when the rate of release of protein from lymphoid 
tissue to the circulation is augmented (24) 

The author wishes to express his thanks to Miss Nancy North and Miss 
Rosalind Joseph for valuable assistance m this investigation 

EXPERIMENTAL 

Skin Peptidases — 30 gm of skin were removed from the back of an 
exsanguinated rabbit and the adhering connective tissue was scraped off as 

•Holman, H , White, A , and Fruton, J S , unpublished experiments 
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completely as possible The skin tissue was cut into small pieces, 100 cc 
of 2 per cent sodium chloride were added, and the suspension was homog- 
enized in a Waring blendor An additional 100 cc of 2 per cent sodium 
chloride were added and the mixture was stirred for 3 hours at room 
temperature The suspension was filtered through Schleicher and Schull 
No 14501 filter paper and clarified by means of Filter-Cel The resulting 
clear solution was used m the experiments reported m Table I In order 
to remove leucine aminopeptidase activity, the saline extract was dialyzed 
against distilled water for 3 days at 4° The insoluble material which 
settled out was removed by filtration and the clear filtrate was used for the 
experiments reported m Tables II to IV The water-dialyzed enzyme 
solutions weie kept in the refrigerator with a small amount of toluene, and 
showed no significant decrease in activity over a penod of 3 weeks 

Extracts of human skin obtained on autopsy were prepared in the same 
manner as described above for rabbit skin 

Lung Peptidases — The lungs (17 5 gm ) of two exsanguinated rabbits 
were removed, washed with saline, and minced m a Waring blendor The 
mmced tissue was stirred at room temperature with 200 cc of 2 per cent 
sodium chloride for 3 hours, and the mixture was left overnight m the 
refrigerator The suspension was then filtered, and the resulting clear 
filtrate was used for enzyme experiments 

Measurement of Enzyme Activity — In all cases, the substrate concentra- 
tion was 0 05 mil per cc of test solution Unless otherwise stated, the pH 
was maintained by means of 0 02 m citrate buffer at pH 4 9 to 5 6, and with 

0 02 m veronal buffer at pH 7 5 to 8 2 The flasks containing substrate, 
buffer, and enzyme were kept in a water thermostat at 39° The rate of 
hydrolysis was followed by measurement of the hberation of carboxyl 
groups by the method of Grassmann and Heyde (25) The data in Tables 

1 to IX are given m terms of per cent of the hydrolysis expected on the 
complete splitting of one peptide linkage 

Isolation of Leucine and Glycylglycme following Hydrolysis of l-LGG by 
Dermopeptidase — 10 cc of a solution containing 306 mg of Z-LGG and 

2 cc of the watei -dialyzed skin extract (0 21 mg of protein nitrogen) were 
incubated for 24 hours at 39° The solution was then acidified to pH 2 
with dilute hydrochloric acid and evaporated to dryness under l educed 
pressure The residue was dissolved m 5 cc of hot water and 400 mg of 
sodium 2-bromotoluene-5-sulfonate (26) were added After standing over- 
night in the refngeratoi , the leucine bromotoluene sulfonate which had 
separated was filtered and washed with cold w atei Yield, 430 mg The 
salt was lecrystallized from hot watei for analysis 

CuHjoNOiSBr Calculated C 40 8, H 5 3, N 3 7 

382 3 Found “ 40 7, “ 5 2,“ 3 8 
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The addition of 540 mg of 5-mtronaphthalene-l-sulfonic acid (26) to 
the mother liquor and washings from the isolation of leucme yielded the 
characteristic crystals of glycylglycme mtronaphthalene sulfonate Yield, 
352 mg The salt was recrystalhzed from hot water for analysis 

CuHisNiO »S Calculated C 43 6, H 3 9, N 10 9 
385 3 Found “ 43 6, “ 3 8, “ 11 1 

SUMMARY 

1 Saline extracts of rabbit skin contain several proteolytic enzymes 
One of these hydrolyzes 1-leucylglycylglycine at pH 7 8 and does not require 
activation by manganese ions or eysteme This enzyme, named dermo- 
peptidase, has a specificity different from that of leucine aminopeptidase, 
which is also present in saline extracts of rabbit skin On dialysis of the 
saline extract against distilled water dermopeptidase activity is retained 
but leucine aminopeptidase activity is lost Prohdase is present m skin 
extracts, but no evidence could be obtained for the presence of a car- 
boxypeptidase or of proteinases of known specificity type 

2 Extracts of rabbit lung contain an enzyme which hydrolyzes l- 
leucylglycylglycme and which is related to dermopeptidase 

3 The sera of several animals contain an enzyme which splits Z-leucyl- 
glycylglycine and which bears many points of similarity to dermopeptidase 
It was found that rabbit serum hydrolyzes benzoylglycmamide through 
the action of a hitherto unidentified proteolytic enzyme 

4 Attention is drawn to the widespread distribution of enzymes which 
act on Z-Ieucylglycylglycme and which are apparently related m specificity 
and other properties to dermopeptidase 
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A STUDY WITH ISOTOPIC CARBON OF THE ASSIMILATION 
OF CARBON DIOXIDE IN THE RAT* 
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Pennsylvania, Philadelphia) 

(Received for publication, October 10, 1946) 

That assimilation of carbon dioxide is an important reaction in hetero- 
tropic organisms was pointed out by Wood and Werkman (1) who sub- 
sequently clarified the mechanism by means of C 13 (2) The first suggestion 
that mammalian tissue can fix carbon dioxide was made by Ruben and 
Kamen (3) Further evidence for the mcorporation of carbon dioxide 
has been provided by Evans and Slotin (4) who demonstrated the for- 
mation of radioactive a-ketoglutarate by pigeon liver mince in a medium 
containing pyruvate and radioactive bicarbonate, by Wood et al (5) 
through studies on pyruvate dissimilation in liver slices, by Evans and 
coworkers (6) m work on enzyme systems obtained from cell-free extracts 
of pigeon liver, and by Lorber et al (7) m experiments on glycogen for- 
mation by the mammalian heart Experimentation with the intact animal 
has been more difficult because of the attendant dilution of the labeled 
carbon The amount of non-isotopic carbon dioxide resulting from 
metabolic processes greatly exceeds that of the injected isotopic carbon 
dioxide Nevertheless, Solomon and coworkers (8) using radioactive 
carbon, C u , have succeeded in showing the mcorporation of the carbon of 
carbon dioxide in the glycogen and probably also m the soft tissues of the 
rat In experiments conducted on the rat with the use of isotopic sodium 
bicarbonate labeled with C 13 , Wood el al (9) have shown uptake of carbon 
dioxide in glycogen and have determined the location of the labeled carbon 
in the glucose obtained by the hydrolysis of the glycogen Proof that the 
synthesis of urea involves fixation of carbon dioxide has been provided 
(10 ’ 

Although various aspects of the metabolism of the four and five carbon 
dicarboxyhc acids in relation to the carbon dioxide assimilation process 
have been studied and the location of the isotopic carbon in the molecules 
determined (12), the piesence of the labeled carbon in the corresponding 
amino acids has never been adequatelj demonstrated Evans and Slotin 

*The data in this paper are taken from the thesis presented by Adelaide M Delluva 
to the Faculty of the Graduate School of the University of Pennsylvania in 19-46 in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy An 
abstract of this work has been published in the Proceedings of the Philadelphia Physi 
ological Society (Am J Med Sc , 211, 510 (1946)) 
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(4) in experiments on the utilization of carbon dioxide by pigeon liver 
found that a part of the residual radioactivity in the pigeon liver tissue 
could be released by the action of ninhydnn and chloramine-T, two re- 
agents which are known to liberate the carboxyl group a to the amino 
group of ammo acids 

An attempt was made in tins study to determine the relationship of 
glutamic and aspartic acids and arginine to the assimilation of carbon 
dioxide as well as to study incorporation of isotopic carbon in other com- 
pounds 


EXPERIMENTAL 

In order to devise a practicable method for the administration of isotopic 
carbon dioxide, a preliminary experiment was performed in which isotopic 
carbon was fed to two immature rats, 29 days of age, with an average weight 
of 52 gm The labeled carbon was in the form of calcium carbonate which 
was mixed with the diet of the rats at a level of 3 per cent 1 The diet was 
fed for a period of 10 days The total amount of food consumed was 106 
gm , containing 3 18 gm of calcium carbonate, or 31 8 millimoles of carbon 
which contained 8 6 atom per cent excess C 13 During each day, four 2 
hour samples of respiratory carbon dioxide were collected as barium car- 
bonate The urines were pooled and the feces were collected and dned 
At the end of the experimental period the rats weighed an average of 69 
gm , a gam of 17 gm for each rat The animals were killed by exsanguin- 
ation The urea of the urme, the carbonate of the bones and the feces, and 
the protems of the liver and muscle were analyzed for isotopic carbon 

The following results were obtained (the isotope concentration is ex- 
pressed as atom per cent excess C 13 ) urea carbon, 0 06, feces carbonate, 
6 51, bone carbonate, 0 00 to 0 03, liver glutamic acid, a-carboxyl carbon, 
0 03, liver aspartic acid, both carboxyls, 0 02 The same ammo acids 
from the muscle proteins contained no detectable excess of isotope Since 
the analytical method had a probable error of ±0 02 atom per cent, the 
latter figures are without significance 

The concentration of labeled carbon in the materials isolated was so 
small that the method of introducing the isotopic carbon was changed 
Intrapentoneal injection of a solution contaimng labeled sodium bicar- 
bonate was used 

1 The diet consisted of 70 per cent dextrin, 10 per cent casein, 13 5 per cent cotton- 
seed oil, 0 5 per cent choline chloride, and 6 0 per cent salt mixture The salt mixture 
was 3 0 gm of calcium carbonate, 1 0 gm of sodium chloride, 1 64 gm of mono 
potassium phosphate, 0 23 gm of magnesium sulfate, 0 18 gm of potassium iodide, 
and 0 110 gm of ferrous sulfate Cod liver oil was administered by mouth, and the 
necessary water-soluble vitamins (thiamine, riboflavin, pantothenic acid, and py- 
ndoxme) were given as a water solution 
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Isotopic sodium bicarbonate was prepared from banum carbonate, con- 
taining 14 0 atom per cent excess C 11 The banum carbonate was obtained 
from methane in which the isotope had been concentrated by thermal 
diffusion The bicarbonate solution was made isotonic by appropnate 
dilution 

An adult female rat weighing 270 gm was injected mtrapentoneally 
with 5 ml portions of isotonic sodium bicarbonate, contaimng 14 0 atom 
per cent excess C 13 , at hourly intervals for 18 hours Half an hour after 
the last injection the animal was anesthetized with ether and 3 ml of blood 
were collected from a severed carotid artery 


Table I 

C 1 * Concentration of Respiratory Carbon Dioxide 


Sample No 

Hr of experiment 

Atom per cent excess C 1 * 

i 

2nd 

0 22 

2 

4th 

0 32 

3 

6th 

0 44 

4 

8th 

0 70 

5 

8th 

0 60 

6 

11th 

0 31 

7 

13th 

0 32 

8 

15th 

0 42 

9 

17th 

0 70 

10 

17th 

0 52 

11 

18th 

0 80 


Samples 4 and 9 were collected beginning 15 minutes after the injection of the 
bicarbonate All the other collections were begun 30 minutes after injection, except 
Sample 11, which was begun 10 minutes after the last injection Each collection of 
the respiratory carbon dioxide was made for a 15 minute penod 

During the course of the experiment, in which the rat consumed 3 5 
gm of stock diet (Steenbock stock diet, modified (13) ), several samples of 
respiratory carbon dioxide were obtained For the collection of these 
samples, the rat was placed m a glass desiccator and the respiratory carbon 
dioxide was trapped by aspirating the expired air through a sintered glass 
disk into a column of dilute sodium hydroxide made by mixmg carbonate- 
free alkali with carbon dioxide free water (Air was drawn into the 
system through a trap of soda lime in order that atmospheric carbon dioxide 
might be removed ) The carbonate so formed was precipitated by an 
excess of saturated barium chloride and the banum carbonate centrifuged 
and washed with CO.-free water until the washings w ere neutral to litmus 
The various samples of carbonate were analyzed for isotope The results 
are found in Table I 
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There was a steady rise in concentration of labeled carbon m the respir- 
atory carbon dioxide until the 11th hour (Sample 6) of the experiment 
At this time there was a drop m isotope concentration of the carbon 
dioxide which may probably be ascribed to increased activity of the 
animal 

Caibonate from the pooled feces and the pooled urine was isolated 
as follows The feces were collected in acetone and then dried and ground 
A 300 mg sample was acidified with HCl and the evolved carbon dioxide 
collected as barium carbonate A 10 ml aliquot of the pooled unne, the 
total volume of which was 70 ml , was acidified with acetic acid and the 
carbon dioxide liberated from the urinary carbonate collected as barium 
carbonate The i elation of C 13 to total C was determined (Table II) 
The urine used for the recovery of carbonate was combined with the 
lemamder The total volume was made acid with acetic acid and evap- 
orated to dryness m vacuo to remove all carbonate The residue was 


Table II 

C 15 Concentration m Blood, Urine, Feces, and Bone 



atom per 


atom per 


cent excess 


cent excess 

Blood bicarbonate 

0 64 

Bono carbonato 


Urinary bicarbonate 

0 67 

Epiphyses 

0 08 

Urea carbon 

0 34 

Subepiphyses 

0 10 

Fecea carbonato 

0 02 

Diaphyses 

0 08 


dissolved m water and made up to a volume of 10 ml A 2 ml aliquot 
was slightly acidified, aerated for 1 hour to remove any possible traces of 
carbonate, adjusted to pH 6 8 with freshly prepared phosphate buffer, 
and digested at 50° with urease (a solution of the crude crystalline material 
prepared according to Sumner and Sisler (14)) The carbon dioxide lib- 
erated from the urea was isolated as barium carbonate and the atom per 
cent excess C 13 determined (see Table II) 

It is of interest to note that the concentration of isotope in the bicar- 
bonate of the urine was about the same as that of the blood This is 
probably a coincidence but it emphasizes the thought that the bicarbonate 
excretion in urine was undoubtedly maximum soon after the injections 
when there were maximum concentrations of isotope in the circulating 
blood The isotope concenti ation of the carbonate m the feces was small 
After the animal was killed by exsangumation and the blood collected 
for bicarbonate isolation, the liver was quickly removed and ground m a 
Waring blendor with 5 per cent trichloroacetic acid m order to precipitate 
the proteins The kidney, spleen, and part of the small intestine, combined 
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as one fraction, and the skeletal muscle, as another fraction, were similarly 
treated ^ No glj cogen was found in any of these fractions when they 
were treated with 95 per cent ethanol 

The long bones of the fore and hind legs were boiled in dilute ammoma 
water m order to remove the remaimng muscle and connective tissue 
The bones were thoroughly dried, separated into three fractions (epiphyses, 
subepiphj ses, and diaphjses), and the carbonate portions isolated for 
isotope analysis (see Table II) 

The precipitated proteins were dried and made fat-free bj extraction for 
8 hours with hot acetone After removal of the fat, the proteins from the 
liver, muscle, and kidney fractions were refluxed for 20 hours with 10 
times their weight of 20 per cent HC1 Upon completion of hydrolysis the 
material from each portion was filteied to remove humin and evaporated 
in vacuo to remove excess HC1 The residue was freed of chlonde by 
treatment with silver carbonate and the excess silver removed by means of 
h} drogen sulfide The solution was filtered, evaporated to a small volume, 
adjusted to pH 6, and allowed to remam in the refrigerator for 48 hours to 
insure complete precipitation of tyrosine 

After removal of the tyrosine, the filtrate was made alkaline (pH 9 
to 10) with hot saturated barium hydroxide and the barium salts of the 
glutamic and aspartic acids precipitated by the addition of 3 volumes 
of absolute ethanol From the barium salts, the glutamic and aspartic 
acids were isolated as the hydrochloride and copper salt respectively 
The materials were recrystalhzed and analyzed 

The mtrogen analyses (Kjeldahl) were as follows glutamic acid hy- 
drochloride, theory 7 6 per cent , found, from hver protein 7 6 per cent, from 
muscle protein 7 5 per cent, from the protein of the combined kidney, 
spleen, and portion of the small intestine (hereafter referred to as the 
kidney-spleen protein) 7 4 per cent, copper aspartate, theory 7 1 per cent, 
found, from liver protein 7 1 per cent, from muscle protein 7 1 per cent, 
from kidney-spleen protein 6 9 per cent 

The glutamic and aspartic acids were decarboxylated by means of 
ninkydrin according to the method of Van Slyke et al (15) and the CO; 
collected as carbonate The isotope analyses of the isolated carbonates 
are given in Table III 

Isotopic carbon was incorporated into ammo acids of hver proteins 
There was hardly a significant incorporation in the kidney-spleen and 
muscle proteins Although the concentrations of C 13 in the glutamic and 
aspartic acids of the hver are low, they are significantly above the normal 
value It should be remembered that isotopic ammo acids formed during 
metabolism are diluted considerably by non-isotopic amino acids when 
they are incorporated into the protein molecule 
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The filtrates from the barium salts of glutamic and aspaitic acids were 
freed of banum, evaporated to a small /olume, adjusted to a pll of 4 with 
HjSCh, and treated with excess flavianic acid The piecipitate of arginine 
flavianate was collected after 24 houis in the refrigerator The fla\ innate 
was dissolved in hot dilute HC1 and the flavianic acid extracted by means of 
n-butyl alcohol Subsequent evaporation to dryness m vacuo removed 
excess HC1 The amidine carbon of the arginine was isolated as barium 
carbonate after treatment of the arginine with arginase (prepared accord- 
ing to Hunter and Downs (16)), and digestion of the liberated urea with 
urease No effort was made to purify the arginine flavianates since 
arginase exerts selective action on the arginine The atom per cent excess 
of C u in the arginine of liver was significantly above normal (Table III) 


Table III 

C 1} Concentration of Ammo Acid3 



Cilutnmic acid 

Aspartic acid 

Aigunne 

a COOH carbon 

Both COOH 
carbons 

Amidine 

carbon 


atom per cent 

atom per cent 

atom per cent 


excess 

excess 

excess 

Liver 

0 06 

0 04 

0 09 

Kidney-spleen 

0 02 

0 00 

0 03 

Muscle 

0 03 

0 00 

0 00 


The decarboxylation of the glutamic acid by ninhydnn yields carbon dioxide from 
the carboxyl group a to the amino group The ninhydnn treatment of aspartic acid 
removes both carboxyls 


DISCUSSION 

One of the chief reactions for the incorporation of carbon dioxide into 
the tissues of an animal involves carboxylation of pyruvate to form oxalace- 
tate and subsequent formation of a-ketoglutarate containing the as- 
similated carbon Wood el al and Evans el al have demonstrated, in 
experiments with liver slices, the presence of isotope m the a-ketoglutarate 
molecule, and proof has been provided that the labeled position is the car- 
boxyl carbon a to the keto group In recent studies by Utter and 
Wood (17) on pigeon liver slices, there is definite evidence that fixation 
of carbon dioxide occurs at the carboxyl group adjacent to the methylene 
carbon m oxalacetate It is to be expected that ammo acids will be formed 
from these two acids since oxalacetate and a-ketoglutarate can be anim- 
ated to aspartate and glutamate, respectively (18) One should, therefore, 
expect isotopic carbon to occur m a carboxyl group of the aspartic acid and 
m the a-carboxyl group of the glutamic acid The data in Table III show 
this to be true 
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Additional evidence for carbon dioxide incorporation is afforded by the 
presence of isotope in the amidine carbon of the arginine of the liver pro- 
tein This fact, taken in conjunction with the occurrence of labeled car- 
bon in the urea molecule, supports the hypothesis of Krebs that arginine 
may be a participant in the cyclic senes of reactions whereby urea is formed 
from C0 2 , NHj, and ornithine An isotope concentration 4 times as great 
in the urea isolated from the urine as in the amidme carbon of the liver 
arginine might appear to support the argument that the ornithine plays 
only a minor r61e m urea formation (19) However, the arginine isolated 
was from the hver protein and was not the “free” argimne thought to be 
active in the cycle 

Incorporation of C 13 in the carbonate of the bone in equal concentrations 
m the epiphyseal, subepiphyseal, and diaphyseal regions may indicate an 
adsorption of calcium carbonate rather than an exchange reaction 

SUMMARY 

Hourly mtraperitoneal injections of an adult female rat with isotopic 
sodium bicarbonate containing excess C 13 over a period of 18 hours resulted 
in an incorporation of labeled carbon m bone, urea, the amidme carbon of 
the argimne, the a-carboxyl group of glutamic acid, and m a carboxyl 
group of aspabtic acid The presence of isotope in the amidme carbon of 
the argimne provides support for the occurrence of the Krebs ornithine 
cycle m vivo The position of the isotope in the dicarboxylic amino acids 
is m agreement with what would e expected from carbon dioxide assimil- 
ation studies of hver slices ir 

There is definite evidence provided that assimilated carbon dioxide finds 
its way mto the amino acids of the body protein 

We wish to express our thanks to Dr W E Stevens of the Department 
of Physics of the University of Pennsylvania for his help in the preparation 
of the isotopic methane and to Dr Sidney Wemhouse and the Houdry 
Process Corporation of Marcus Hook, Pennsylvania, for their kindness in 
making the isotope analyses 
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THE DETERMINATION OF SERUM PHOSPHATE BY THE 
MOLYBDIVANADATE METHOD 


Br DAISY G SIMONSEN, MAXINE WERTMAN, LEOLA M WESTOVER, and 

JOHN W MEHL 

(From the Departments of Medicine and Biochemistry , School of Medicine, University of 
Southern California, and the Los Angeles County General Hospital, Los Angeles ) 

(Received for publication, August 22, 1946) 

One of the commonly used methods for the colorimetric determination of 
phosphoruB is based upon the reduction of molybdic acid to molybdenum 
blue and subsequent estimation of the intensity of the blue color formed 
An excellent discussion of the molybdenum blue reaction and its limitations 
is given by Woods and Mellon (1) In using this reaction over a period of 
years the authors have been increasingly aware of its shortcomings 
Acid stannous chloride was used as the reducing agent and the pro- 
cedures of Kuttner and Cohen (2), Woods and Mellon (1), and Fontaine (3) 
were carefully followed In addition, modifications in concentration and 
type of both acid and molybdate have been studied The results obtained 
were in accord with those of Woods and Mellon (1) who found that the 
relative amounts of acid and molybdate were important smce, if the ratio 
of acid to molybdate was too low, some of the molybdate was reduced along 
with the heteropoly acid, and if too high, there was a marked >. erease in 
the intensity of the color In general, the difficulties encountered m our 
laboratory with the use of chlorostannous acid as the reducmg agent were 
(1) control of concentration of acid and molybdate, (2) instability of the 
color after a short time interval, (3) non-conformity with Beer’s law when 
the concentration of phosphorus was above 4 parts per million, (4) rapid 
deterioration of the stannous chloride solution, particularly of the dilute 
reagent, and (5) inability to obtain duplicate results from day to day when 
standard solutions of phosphate were used 
Three recent methods for the deter min ation of phosphate have made use 
of ammonium vanadate with subsequent colorimetric estimation of the 
yellow molybdivanadophosphonc acid formed Willard and Center (4) 
described a method for the determination of phosphorus m iron ore, Koenig 
and Johnson (5) one for the determination of phosphorus m foods and bio- 
logical material, and Kitson and Mellon (6) a method used for the deter- 
mination of phosphorus in carbon and low alloy steels Smce the pro- 
cedure seemed to offer distinct advantages from the standpoint of stability 
of the final color and simplicity, the application of the method of Kitson 
and Mellon to the determination of serum phosphate has been investigated 
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Procedure 

Reagents — 

1 Redistilled water (from an all-glass still) or distilled water known to be 
phosphate-free This water was used for the preparation of all reagents 

2 Trichloroacetic acid, 7 5 and 10 per cent solutions 

3 Ammonium molybdate, 5 per cent aqueous solution 

4 Ammonium vanadate , 1 0 25 per cent solution Dissolve 2 5 gm of 
ammonium vanadate in approximately 500 ml of boding water, cool 
slightly, and then add 20 ml of concentrated nitric acid Allow the mix- 
ture to cool to room temperature and make up to a volume of 1 liter 

5 Nitric acid (1 2 ) 1 volume of concentrated mtnc acid plus 2 volumes 
of water 

6 Phosphate standard Dissolve 0 4389 gm of reagent grade potassium 
ddiydrogen phosphate (previously dried to constant weight) m 7 5 per cent 
trichloroacetic acid and make to a volume of 1 hter (with the same strength 
acid) 1 ml of this solution contains 100 y of phosphorus Suitable 
dilute standards (in 7 5 pei cent trichloroacetic acid) are prepared from the 
stock solution to give a range of 5 to 80 7 of phosphorus in the final 5 ml , 
which was adopted as the standard volume for this procedure 

Procedure for Klett-Summerson Photoelectric Colorimeter — Measure into a 
calibrated Klett tube (preferably graduated at 5 ml ) 3 ml of a suitable dilute 
standard or sample Add 0 5 ml of 1 2 mtnc acid and mix by thorough 
shaking Then add 0 5 ml of 0 25 per cent ammonium vanadate solution 
and mix by shaking Finally add 0 5 ml of 5 per cent ammonium molyb- 
date, make to a volume of 5 ml with water, and mix by inversion After 
the mixture has stood 5 minutes, read in the colorimeter with the No 42 
(blue) filter A blank is prepared with 3 ml of 7 5 per cent trichloroacetic 
acid and the reagents added m the same amounts and order as for the stand- 
ard In every case the calculations are based upon the reading after sub- 
traction of the blank reading 

Procedure for Serum — To 6 ml of 10 per cent trichloroacetic acid m a 15 
ml centrifuge tube add 2 ml of serum Mix by inversion, allow to stand 
15 minutes, and then centrifuge for 7 to 10 minutes at 2500 to 3500 epm 
or until the supernatant liquid is clear Measure 3 ml of the supernatant 

1 May be obtained from Elmer and Amend, New York 

J After the larger part of the experiments had been completed, it was found that the 
vanadate and nitric acid could be combined by dissolving the ammonium vanadate as 
directed, but adding 350 ml of concentrated mtnc acid instead of 20 ml , and diluting 
to 1 liter 0 5 ml of this combined reagent is used in place of 0 5 ml each of the ong- 
inal ammonium vanadate and 1 2 mtnc acid The strongly acid vanadate solution 
has given the same results as those obtained with the ongmal reagents, and has been 
stable for the 2 months that it has been in use 
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fluid (equivalent to 0 75 ml of serum) into a calibrated Klett tube, and 
proceed in the same manner descnbed for the standard solutions The 
number of micrograms of phosphorus, taken from the colorimeter reading 
of the standard curve, multiplied by 0 133 equals the number of mg of 
phosphorus per 100 ml of serum 

Inasmuch as the nitric acid and vanadate could be combined as one rea- 
gent, the procedure for the determination of serum phosphorus was altered 
as follows To 4 ml of the trichloroacetic acid filtrate add 0 5 ml of the 
combined vanadate-nitnc acid reagent, then 0 5 ml of ammonium molyb- 
date, and mix by inversion Read in the colorimeter after a 5 minute inter- 
val 

It is advisable to run one or two standards with each set of unknowns in 
order to check for contamination and stability of reagents and any varia- 
bility of the colorimeter A blank determination is also made each time 

Spectrophotometric Determinations — Spectrophotometric measurements 
were also made in certain instances The determinations were made in the 
Beckman quartz spectrophotometer, with 1 00 cm Corex cells The results 
are reported as the observed optical densities of the solutions 

Results 

Phosphate Standards — The phosphate standards were routinely made up 
m trichloroacetic acid of the same concentration as that m the serum fil- 
trates, since some effect of trichloroacetic acid was noted in the higher con- 
centrations of phosphate The calibration curves are given in Fig 1 The 
curve of corrected readings against concentration is not strictly linear when 
the amount of phosphate corresponds to 5 to 80 y of P in the final 5 ml 

This deviation from a straight line is doubtless attributable to the spectral 
characteristics of the filter and the response of the photocell The optical 
densities of these same solutions, measured at 440, 420, 400, and 380 mg, 
are given in Fig 2 In each case the absorption of the blank at the cor- 
responding W/Ve-length has been subtracted The solutions will be seen to 
follow Beer’i Liv 

It is also evident that the absorption increases with decreasing wave- 
length Since it was not clear from previous reports whether there might 
be an absorption peak which could be used for spectrophotometric studies, 
the values of the optical densities of the blank and of solutions containing 
0 1 and 0 2 mg o' P per 100 ml were determined at several wave-lengths 
and are given in eig 3 It was not possible to determine the position of 
the maximum because of the very great absorption of the blank at the 
shorter wave-lengths, but it is evident that there is little to be gamed by 
using wave-lengths below about 380 mg, since the blank is increasing much 
more rapidly than the value of E^m 
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Fia I Curves of Klett-Summersou colorimeter readings (corrected for the blank) 
for vanous amounts of phosphate P in the final 5 ml of solution O , phosphate solu 
tions in water, •, phosphate solutions in 7 5 per cent trichloroacetic acid 



Fig 2 Optical densities of solutions (corrected for the blank) for vanous 
amounts of phosphate in the final 5 ml of solution, at 440, 420, 400, and 3S0 mu All 
phosphate solutions were made in 7 5 per cent tnchloroacetic acid 
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Some attention was given to the possibility of reducing the blank by de- 
creasing the concentration of the reagents employed This attempt was not 
successful, since the high blank is largely due to the molybdate, and color 
development does not take place in the absence of the large excess of molyb- 
date specified m the procedure 

Although greater sensitivity can be obtained with the spectrophotometer, 
the results to be presented were obtamed with the colorimeter, smce t his 
instrument is more likely to be used m routme procedures 



Fio 3 Optical densities of the blank (Curve A), a solution containing 0 1 mg of 
PO ( P per 100 ml (Curve B), and of a solution containing 0.2 mg of POi-P per 100 
ml (Curve C), aa a function of the wave length 

o 

The color of the blanks and the test solutions is entirely reproducible and 
is stable for penods of at least 24 hours Duplicate determinations did 
not vary more than 3 divisions on the colorimeter scale, and were usually in 
perfect agreement The b lank gives a reading of 10 to 11 divisions, and 
the increase over the blank is 26 to 30 divisions per microgram of P per ml , 
depending upon the concentration 

After the color has been developed, it is not possible to dilute the samples 
with water or 7 5 per cent trichloroacetic acid in order to obtain a lower 
colorimeter reading Readings of the diluted samples give a positive de- 
viation, of as much as 12 per cent m the higher concentrations, when the 
dilution factor is taken into account Thus, if the unknown solution con- 
tains too high a concentration of phosphorus to be calculated from the cali- 
bration curve, one must repeat the procedure with a smaller sample 
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Table I 


Recovery of Phosphate Added, to Scrum 


P added for each 3 ml 
filtrate 

P found In 3 ml 
filtrate 

P calculated in 3 ml 
filtrate 

Recovery 

7 

7 

7 

per cent 

0 

41 3 



2 5 

43 5 

43 8 

99 3 

6 0 

46 5 

40 3 


7 6 

48 9 

48 8 

1 

10 0 

61 2 

51 3 

99 8 

12 6 

54 3 

53 8 


16 0 

56 9 

56 3 

101 0 

17 5 

58 l 

53 8 

99 3 

22 6 

64 0 

63 8 


25 0 

06 4 

66 3 

100 1 


Average error ±0 5 


Table II 

Serum Phosphate Values of N'ormal Adults 


Patient No 

P per 100 ml scrum 

Females 

Males 


mg 

mg 

1 

4 1 

3 2 

2 

3 6 

3 1 

3 

4 0 

3 6 

4 

4 9 

4 3 

5 

3 9 

3 5 

6 

4 6 

3 9 

7 

3 9 

3 0 

8 

4 3 „ 

2 8 

9 

3 9 

4 3 

10 

4 4 

3 6 

11 

4 0 

3 3 

12 

3 5 

4 3 

13 

4 0 

3 6 

14 

3 9 

4 5 

15 

4 1 

4 8 

16 

3 9 

4 5 

17 

4 5 

3 5 

18 

3 7 

4 3 

19 

3 6 

4 0 

20 


3 3 

21 


3 9 

Average 

4 0 

3 8 
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Recovery of Phosphate Added, to Serum — Yanous phosphate standards 
were added to 3 ml samples of pooled serum so that the added phosphorus 
ranged from 10 to 100 y per 3 ml of serum Sufficient water and 20 per cent 
trichloroacetic acid were then added so that the final volume and acidity 
were identical with those used in the determination of serum phosphate 


Table III 

Serum Phosphate Values of Children 


Piticnt 

No 

Sex 

Age 

P per 100 
ml serum 

Diagnosis 


mm 

yrs 

mt 


i 


ii 

5 5 

Controlled diabetea 



3 

5 6 

Probable infectious mononucleosis 


M 

13 

5 9 

Acute rheumatic fever 


1 1 

13 

7 2 

(I tt tt 


it 

13 

5 9 

tt tt tt 


tt 

9 

5 1 

tt tt tt 


F 

12 

5 1 

“Streptococcus” throat 


M 

10 

5 1 

Sickle cell anemia 


it 

13 

7 1 

Probable subacute glomerulonephritis 


i 1 

9 

7 2 

it tt tt 

u 

tt 

9 

6 0 

Acute glomerulonephritis 

12 

F 

11 

5 1 

Undiagnosed 

13 

tt 

12 

6 4 

“ but possible anemia 

14 

ft 

8 

5 3 

Cellulitis 

15 


11 

5 2 

Possible rheumatic fever 

16 


11 

5 1 

tt tt it 

17 


10 

4 6 

Mumps or recurrent parotitis 

18 

tt 

9 

5 9 

Upper respiratory infection 

19 

tt 

11 

4 9 

Tonsillitis 

20 

u 

7 

5 6 

Lobar pneumonia 

21 


9 

6 1 

tt It 

22 


12 

6 7 

Acute glomerulonephritis 

23 

mm 

12 

5 7 

Rheumatic fever 

Average 

5 7 



The phosphorus was then determined in 3 ml of the acid filtrate according 
to the standard procedure The recovenes are given in Table I 
The results show an excellent recovery of added phosphorus The errors 
are no greater than those that would be obtained by setting up and reading 
a senes of different sera or a set of standards, and give an average deviation 
of ±0 5 per cent from the calculated value 
Serum Phosphate of Normal Adults — Blood samples were obtained from 
members of the laboratory staff which included chemists, physicians, tech- 
nicians, medical students, and general laboratory assistants There were 





















754 


DETERMINATION OF SERUM PHOSPHATE 


forty adults in the group, ranging in age from 20 to 60 years Sex distribu- 
tion showed nineteen females and twenty-one males The values obtained 
ranged from 2 8 to 4 9 mg of phosphorus per 100 ml of serum The results 
are given in Table II 

Serum Phosphate of Children — A group of twenty-three hospitalized 
children was used for the study of phosphorus values of children Patients 
■with bone disease were excluded , otherwise the cases were selected at ran- 
dom Since the majority weie near the end of convalescence and ready to 
be dismissed from the hospital, the values approximate those of normal 
children The values obtained range from 4 6 to 7 2 mg of phosphorus per 
100 ml of serum The difference between the lowest values of children and 
adults was 1 8 mg and that of the highest values was 2 3 mg of P per 100 
ml of serum Based on the average values of the two groups, the children 
had a serum phosphate higher by 1 8 mg of P per 100 ml of serum than the 
adults The complete results are given in Table III 

DISCUSSION 

The method is based upon the yellow color formed when an excess of 
molybdate is added to an acidified solution of an orthophosphate and a 
vanadate The exact nature of the reaction is uncertain, but presumably 
depends upon the formation of a heteropoly complex, (NHJj PO* 
NH4VO3 I6M0O3, such as that formulated by Mission (7) This method 
is less sensitive than the molybdenum blue methods, but is adequate for 
most biological applications, and has the gieat advantage of providing a 
stable solution for colorimetry We feel that this advantage, together with 
a lower sensitivity to changes m final acid concentration, outweighs the 
advantages of the molybdenum blue methods for orthophosphate deter- 
minations 

SUMMARY 

1 The molybdivanadate method for orthophosphate, as described by 
Ifttson and Mellon, is suitable for the determination of serum phosphate 

2 The solutions obey Beer’s law, and the method may be used spectro- 
photometncally for concentrations of POi-P between 0 5 and 16 y per ml 

3 The increase m colorimeter readings was not found to be stnctly pro- 
portional to the concentration of phosphate, but this appeared to be due to 
the characteristics of the instrument The method is apphcable to the 
photoelectric colorimeter for the range of concentrations from 2 to 16 y 
of P per ml 

4 The serum phosphate m twenty-one normal, adult males was found to 
average 3 8 mg of P per 100 ml , with an extreme range of 2 8 to 4 8 mg 
per 100 ml The values in nineteen females averaged 4 0 mg per 100 ml , 
with a range from 3 5 to 4 9 mg per 100 ml 
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5 The serum phosphate in twenty-three children had an average value of 
5 7 mg of P per 100 ml , and varied from 4 6 to 7 2 mg per 100 ml 
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CHROMOGENIC SUBSTRATES 

II PHENOLPHTHALEIN GLUCURONIC ACID AS SUBSTRATE FOR THE 
ASSAY OF GLUCURONIDASE ACTIVITY* 

By PAUL TALALAY, WILLIAM H FISHMAN, and CHARLES HUGGINS 
(From the Departments of Surgery and Biochemistry, University of Chicago, Chicago) 

(Received for publication, September 10, 1316) 

Increasing interest in the enzyme hydrolyzing naturally occurring and 
synthetic /3-glucuronides has shown the need for a more satisfactory method 
of assay for /S-glucuromdase The present paper describes the use of 
phenolphthalein mono-/S-glucuromde as a chromogemc substrate for the 
assay of the hydrolytic activity of /S-glucuromdase The phenolphthalein 
mono-/?-glucuromde is prepared biosynthetically from the urine of rabbits 
to which phenolphthalein has been administered This substrate is rap- 
idly hydrolyzed by /3-glucuromdase, and the free phenolphthalein may be 
readily determined photocolonmetncally in alkaline solution The method 
of assay is similar m principle to the use of sodium phenolphthalein phos- 
phate m the measurement of phosphatase activity (1) 

Definition of Enzyme — Masamune (2) first defined the enzyme splitting 
the glucuromde linkage as a “glucuronosidase ” He found that biosyn- 
thetic menthol and phenol glucuronic acids are hydrolyzed very slowly by 
emulsins, and that ox kidney extracts have a powerful hydrolytic effect 
on ft glucuromdes Masamune demonstrated the hydrolysis of borneol, 
ft naphthol, menthol, phenol, and phloroglucinol glucuronic acids Syn- 
thetic a-glucosides and a-menthol glucuronic acids were not spht by these 
enzyme extracts, while only some /3-gIucosides other than ft glucuromdes 
are attacked Fishman (3, 4) found also that extracts of various animal 
tissues caused the hydrolysis of borneol and menthol glucuronic acids 
Estnol glucuronic acid is spht by the same enzyme extracts, which have 
been termed preparations of “/3-glucuromdase ” 

Renew of Methods — Masamune (2) and Oshima (5) assayed the activity of 
the enzyme, using the Hagedom and Jensen method for the measurement 
of the reducmg power The difference in reducing power between controls 
containing inactivated enzyme and experimental tubes is taken as a measure 
of the amount of hydrolysis of the glueosidic linkage and the formation of 
free glucuronic acid For borneol and menthol glucuromdes the method 

* This investigation was supported by grants from tbe Albert and Mary Lasker 
Foundation, Inc , the Sidney and Frances Brody Foundation, the Committee for 
Research in Problems of Sex of the National Research Council, Mr Ben Ma> , Dr 
Frank R Lillie, and the Otho S A Sprague Memorial Institute 
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can be applied directly to the protein-free filtrates When j5-naphthol 
and phenol glucuromdes are used, the ferncyamde is reduced not only by 
the free glucuronic acid, but also by the free phenols, and these must be 
removed by extraction before the reducing power of the residual solutions 
is measured 

In a reexamination of the assay procedure, Fishman (3) substituted a 
modification of the cenc sulfate titration of Miller and Van Slyke (6), using 
sodium menthol glucuronic acid (3) and borneol glucuronic acid (4) as 
substrates, the reducing powers were compared by means of a standard 
curve of pure glucurone In studies on the kinetics of the hydrolysis of 
estnol glucuronic acid, Fishman (4) separated free estnol liberated from 
estnol glucuronic acid by the enzyme, and determined this estnol by the 
colorimetric method of Venning, Evelyn, Harkness, and Browne (7) 
The use of estnol glucuromc acid as a substrate is not practicable, since 
the matenal is difficult to obtain 

Limitations of Methods — Two principal factors have limited the accuracy 
and rehabihty of the assay of glucuiomdase activity by measuring the 
increase m reducing power resulting from the sphtting of the /3-glucosidic 
linkage of glucuromdes and the liberation of free glucuromc acid (1) In the 
determination of the activity of tissue extracts or biological fluid, reducing 
substances other than glucuromc acid are often present m relatively high 
amounts, and for rehable results the increment m reducing power produced 
by enzymatic action must be large compared to the control This ne- 
cessitates the use of veiy long incubation times, or of large amounts of 
enzyme Moreover, the determination depends on the difference between 
two measurements, and errors are thus magnified (2) The production of 
non-glucuromc acid reducing substances in the reaction mixture, due to 
the presence of enzymes other than glucuronidase m tissue extracts, 
cannot be excluded, this will not occur m the controls if these contain 
heat-inactivated enzymes If the controls are set up without substrate 
but contain the active enzyme extract, this may act on pieformed natural 
glucuromdes present m the tissue extracts and thus increase the reducing 
power of the controls 

Thus, to illustrate the problem, there is a measurable mciease in re- 
ducing power on incubation of plasma in the absence of added substrate 1 
This may be due to the breakdown of substances yielding reducing power, 
or to the action of enzymes other than glucuromdase on substrates m the 
serum or to the action of glucuronidase on glucuromdes present in the 
serum These alternatives cannot always be distinguished by careful 
controls, especially when the glucuromdase activity is small 

1 Fishman, W H , unpublished 
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Quantitative methods for glucuronic acid, such as a spectrophotometnc 
modification of the Tollens naphthoresorcinol reaction (8), cannot be 
readily applied to the measurement of glucuronidase activity, since, 
under the conditions of the test, strong hydrochloric acid hydrolyzes the 
conjugated glucuromdes, and does not distinguish between free and con- 
jugated glucuronic acid 

The need exists for a method of assaying glucuronidase activity, de- 
pending either upon a specific quantitative reaction distinguishing free 
and combined glucuronic acid or upon a satisfactory assay of the non- 
glucuromc acid part of the substrate molecule, with a minimum of inter- 
ference from naturally occurring substances Such a method should be 
sensitive and eliminate long hours of mcubation, with the consequent 
objections of decay in reaction velocity and destruction of the enzyme and 
bacterial action m the reaction mixture 

Pmmples of Present Method — Phenolphthalem mono-/J-glucuromde was 
described by Di Somma (9) as appearing m the urine as the product of the 
conjugation of administered phenolphthalem m rabbits, he noted that this 
compound was hydrolyzed to a small extent by crude almond emulsin, 
while crude kidney extract showed a strong hydrolytic action, evidently due 
to the presence of /3-glucuromdase 

Examination of the absorption spectra of phenolphthalem and its mono- 
glucuronide was undertaken with a view of utilizing the glucuromde as a 
substrate for the assay of fi-glucuromdase activity Both compounds 
appear colorless in the acid range Phenolphthalem exhibits its maximum 
stable color intensity at pH 10 0 to 10 4 (1) The monoglucuronide is 
yellow in alkaline solution The absorption spectra of the two compounds 
in the visible range were compared m 01 m glycine buffer, pH 10 2, with 
a Beckman model DU spectrophotometer The absorption curves are 
plotted in Fig 1, m which the extinction coefficients of the monoglucuronide 
are shown on a scale 200 times larger than the coefficients of phenolphthal- 
em The principal maximum of phenolphthalem is at 550 to 555 mu (t = 
26,600 liters per mole X cm ) and the maximum of phenolphthalem mono- 
(1 glucuromde hes between 415 and 420 m y. (c = 130 liters per mole X cm ) 

The mono-fi-glucuromde has an extinction coefficient of 48 liters per mole 
X cm at 552 ma, which is the maximum of phenolphthalem, so that at the 
absorption peak of phenolphthalem, the monoglucuronide has only 0 18 per 
cent of the absorption of the free phenolphthalem for the same concentra- 
tion of the two compounds 

These profound differences m degree and position of absorption maxima 
of phenolphthalem and its glucuromde make it possible to use phenol- 
phthalem mono-/3 glucuromde as a substrate for the assay of fi-glucuromdase 
activity by measuring free phenolphthalem colonmetncally near its absorp- 
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tion maximum In this assay procedure, the monoglucuronide is in part 
convei ted to free phenolphthnlem, and the removal of the absorption due 
to the monoglucuronide and its replacement by free phenolphthalein will 
only introduce an error of 0 2 per cent compared to the control if measured 
at 550 m/i 

Thus, if 5 per cent of phenolphthalein monoglucuronide is hydrolyzed in 
an experiment with the production of an equivalent amount of free phenol- 
phthalein, and no hydrolysis occurs in the controls, the comparison of the 1 
absorption of control and experimental tubes at 550 m/i will not measure the I 



Fig 1 Spectrophotometric absorption curves of phenolphthalein and phenol- 
phthalein mono-/3 glucuronide in 0 1 m glycine buffer, pH 10 2 The scale for the 
extinction coefficients of the glucuronide is magnified 200 times relative to that of 
phenolphthalein 


true amount of phenolphthalein, since the control contains 5 per cent more 
monoglucuronide than the experimental The liberated phenolphthalein 
absorbs under these conditions 500 times as strongly as the equivalent 
amount of monoglucuronide and the deviation from the true phenolphthal- 
ein measurement is negligible and does not constitute a limiting factor in 
the accuracy of the method 

Isolation of Phenolphthalein Glucuronide 

Di Somma (9) studied the fate of subcutaneously and intramuscularly 
administered colloidal phenolphthalein m rabbits and guinea pigs He 
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obtained both free and combined phenolphthalem from the unne of such 
animals From the unne of rabbits Di Somma isolated phenolphthalem 
mono /S-glucuronide and crystallized this as the cmchonidme salt 

Phenolphthalem mono-fl-glucuromde was prepared from rabbit unne by 
a modification of Di Somma’s procedure which permitted the isolation of 
larger quantities of the compound over a prolonged penod of time Rabbits 
were kept in a metabolism cage (four or five m a large cage) on a diet of 
carrots with adequate water mtake The phenolphthalem was adminis- 
tered as a water-soluble denvative Daily subcutaneous injections of an 
aqueous solution of 500 mg of sodium phenolphthalem phosphate (1)" were 
given to each rabbit, and the unne was collected and measured daily A 
little toluene was added as a preservative 10 liter batches of unne were 
worked up at a time (the average output of each rabbit was 150 to 250 ml 
in 24 hours) The deeply colored unne was filtered through coarse fluted 
paper to remove gross solid particles The red color of free phenolphthalem 
became evident in the alkaline unne (pH 8 to 9) during the 1st day after 
the initial injection 

The administration of phenolphthalem m the form of its water-soluble 
phosphate was found to be more convenient than the use of colloidal 
solutions 2 per cent colloidal gelatin suspensions of phenolphthalem, as 
used by Di Somma, are absorbed slowly, cannot be administered m large 
quantities, are tedious to prepare, and remain under the skm for long 
periods, while the concentrated water solutions of phenolphthalem phos- 
phate can be administered conveniently and simply in large amounts 

To the unne, after filtration, were added 0 1 volume of 30 per cent sodium 
chloride and then 0 1 volume of 3 per cent colloidal feme hydroxide (The 
colloidal feme hydroxide is readily prepared by pourmg 100 ml of 30 per 
cent aqueous feme chlonde solution mto 900 ml of boiling distilled water ) 
The addition of feme hydroxide to the unne produced a flocculent brown 
precipitate which was permitted to settle and filtered off In this way most 
of the proteins were precipitated and some of the colormg matter removed 
Precipitation with 3 volumes of acetone as recommended by Di Somma was 
abandoned since the large volumes become hard to handle and the subse- 
quent evaporation of the acetone is time-consummg 

The free phenolphthalem was then removed from the urine by extraction 
with ethyl ether 3 liters of unne were extracted at a time m a 5 liter 
separatory funnel, with four 300 to 400 ml ether portions The ether ex- 
tract gave positive tests for free phenolphthalem with alkali, while the 
aqueous phase was almost free of it The aqueous solution was acidified 
with concentrated hydrochlonc acid until blue to Congo red (pH 4 to 5) 

’The sodium phenolphthalem phosphate was supplied by Paul Lewis, Inc , 918 
North Fourth Street, Milwaukee, Wisconsin 



762 


CHROMOGENIC SUBSTRATES IX 


and was extracted with four portions of ethyl acetate (300 to 400 ml each) 
The ethyl acetate layer formed a foamy gel which was separated and per- 
mitted to filter by gravity through a fluted filter paper The filtration 
broke the mucilagenous emulsion and formed clear layers, so that additional 
amounts of the aqueous phase could be separated off and discarded The 
pooled ethyl acetate extracts were reduced to a small volume m vacuo with 
slight heating The amber-brown liquid (about 200 ml , representing an 
extract of 10 liters of unne) was decolorized by shaking with activated 
charcoal (Merck) and then filtered The light yellow solution so obtained 
was mixed with an excess of a saturated ethyl acetate solution of cinchom- 
dme (the free alkaloid of Merck), whereupon a white or slightly yellow pre- 
cipitate formed The suspension was left in the ice box overnight and the 
precipitate filtered off in the morning It was i\ ashed with ethyl acetate 
and anhydrous ethyl ether and represents the crude product (cinchomdine 
salt of phenolphthalem glucuromde) The filtrate was reconcentrated 
under a vacuum and on the addition of more saturated cinchomdine solution 
yielded further product This was repeated once more to obtain more 
material 

The crude cinchomdine salt was repunfied by crystallization from hot 
dioxane Best results were obtained by dissolving the salt in boiling diox- 
ane (redistilled Eastman Kodak dioxane) m which it is completely soluble 
and adding hot ethyl acetate until slight turbidity results The cmchom- 
chne salt crystallized on slow cooling as pure white sheaves and rosettes of 
needles All products were recrystallized at least twice 

The compound was dried m a vacuum desiccator over phosphorus pen- 
toxide It was analyzed for hydrolyzable phenolphthalem A weighed 
amount of compound was refluxed with 4 n HC1 for 1 hour, and the solution 
was neutralized and made up to a standard volume with water A small 
aliquot was mixed with glycine buffer, pH 10 2, and compared with phenol- 
phthalem standards 38 1 per cent of phenolphthalem was found, which 
may be compared with 40 4 per cent calculated for pure phenolphthalem 
glucuromde and 36 3 per cent calculated for this compound containing 1 
mole of dioxane of crystallization Evidently this compound is phenol- 
phthalem monoglucuromc acid, possibly containing solvent of crystalliza- 
tion Eree phenolphthalem was not present and no traces of either phos- 
phate or sulfate could be detected These experiments show that 
water-soluble sodium phenolphthalem phosphate administered subcutane- 
ously is excreted m large part as the monoglucuronide, which may then be 
obtained m pure form as the cinchomdine salt 

The yield of crude cinchomdine salt (prior to recrystalhzation) represents 
at least a 25 per cent conjugation of the mjected phenolphthalem The 
crude material may contain small quantities of phenolphthalem phosphate 
but these are completely ehnunated m the recryst alhz ations 
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If the collection of urine is continued beyond the last a dminis tration of 
phenolphthalem phosphate, free phenolphthalem is apparent in the unne 
for some 2 weeks, but no conjugate is present 3 or 4 days after the last 
injection In a typical experiment five rabbits were injected with 26 5 
gm of sodium phenolphthalem phosphate over a period of 17 days and the 
unne collected for 21 days 16 liters of unne obtained during this penod 
yielded 8 26 gm of the crude cinchomdine salt Unne beyond the 21st day 
continued to give a strong reaction for free phenolphthalem, but contained 
almost no conjugate 

Kinetics of Hydrolysis of Phenolphthalem Mono-ft-glncuronvle — -The 
kinetics of the enzymatic hydrolysis of phenolphthalem glucuromde were 
investigated with a glucuronidase preparation obtained from the livers, 
kidneys, and spleens of white mice 

Preparation of fi- Glucuronidase — The enzyme was prepared by the rapid 
method of Fishman 1 Pooled spleens, livers, and kidneys of a dozen mice 
were rapidly homogemzed in a Wanng blendor and taken up in a convenient 
volume of chilled water (about 200 ml ) The mixture was adjusted to pH 
5 with 1 n acetic acid and incubated at 37° for about half an hour, this 
produced flocculation of many proteins which were then removed together 
with the insoluble residue by centrifugation, leaving a pale red, clear super- 
natant which was decanted from the residue An equal volume of satu- 
rated ammonium sulfate was added to the solution and the mixture centri- 
fuged rapidly (3000 n p m ) for 30 minutes The supernatant was removed 
by suction, and the residue dissolved m 25 ml of distilled water The 
enzyme solution so obtained was centrifuged and the residue discarded 

The precipitation with ammonium sulfate at half saturation may be re- 
peated several tunes, but usually one more precipitation provides a strong 
glucuronidase preparation which is suitable for the study of the kinetics 

Optimum pH — The optimum pH of the hydrolysis of this substrate was 
determined in 0 2 m acetate buffer between pH 3 8 and 5 8 and in 0 2 m 
phosphate buffer between pH 5 8 and 7 0 In order to obtain an accurate 
measure of the phenolphthalem liberated at each pH, the digests on ter- 
mination of incubation were all titrated with 0 1 n NaOH to the end-point 
of free phenolphthalem (about pH 8 3) and then an aliquot of each digest 
was diluted with 01 m glycme-sodium hydroxide buffer, pH 10 2, and com- 
pared with a standard phenolphthalem curve, correction being made for the 
change in volume due to the added sodium hydroxide In this way the 
digests were all brought to identical hydrogen ion concentrations, regard- 
less of the initial pH All pH measurements were made with the glass 
electrode and a Leeds and Northrup potentiometer bridge 

The optimum pH for the hydrolysis of 0 01 m phenolphthalem monoglu- 
curonide determined under these conditions is 4 5 Other workers have 
given pH 5 0 to 5 2 for menthol glucuromde (5), using a spleen enzyme and 
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acetate buffei Fishman (4) has reported pH 5 0 for the hydrolysis of 0 1 
N sodium menthol glucuromde, pH 4 4 for sodium bomeol glucuromde 
(0 01 m), and pH 4 3 for sodium estnol glucuromde (0 005 m), using an 
ox spleen glucuronidase preparation and an 0 1 m acetate buffer 
The pertment part of the pH-activity curve 13 given m Fig 2 and shows 
that the activity falls off somewhat more rapidly on the alkaline than on 
the acid side of the optimum At pH 7 0 the enzyme exhibits only 20 per 
cent of its maximum activity, and shifting the pH into the alkaline range 
is therefore an effective method of arresting the enzymatic reaction at the 
desired time 



Fio 2 The effect of pH on the activity of /3-glucuromdaae in 0 2 m acetate buffers, 
expressed as per cent of the maximum activity 

Effect of Enzyme Concentration — The hydrolysis of phenolphthalein glu- 
curomde by serial dilutions of the enzyme showed that the amount of hy- 
drolysis was directly proportional to the enzyme concentration, other factors 
being constant (Fig 3) This linearity was unlike the parabolic curve 
found by Huggms and Talalay (1) for the hydrolysis of phenolphthalein 
diphosphate It is possible that the difference lies m the fact that m the 
enzymatic hydrolysis of the diphosphate there is probably a differential 
rate of splitting off of the first and the second phosphate groups, so that the 
reaction is complicated by the presence of three species of compounds m the 
mixture (phenolphthalein monophosphate, diphosphate, and free phenol- 
phthalein) The linearity of the enzymatic hydrolysis of phenolphthalein 
glucuromde and the amount of the phenolphthalein formed is therefore 
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probably due to the fact that the substrate is entirely a monoglucuronide 
which produces free phenolphthalein on hydrolysis 
Influence of Substrate Concentration on Activity of fi- Glucuronidase — The 
description of the kinetics of /3-glucuromdase with respect to substrate 



Fig 3 The effect of enzyme concentration on the rate of hydrolysis of phenol 
phthalein mono 0 glucuromde The system consisted of 3 ml of 0 2 M acetate buffer, 
1 ml of 0 005 M sodium phenolphthalein glueuromde, and 1 ml of various dilutions 
of glucuronidase Incubated 1 hour at 38°, 5 ml of 0 25 v glycine buffer added to 
develop the color and arrest the reaction Read in an Evelyn colorimeter against 
a control, 510 m#i filter 


concentration was undertaken m order to establish the conditions of maxi- 
mum velocity and to determine the Michaelis-Menten constant (10) 

The velocity of the reaction was determined from the amount of phenol- 
phthalein liberated in 1 hour, this can serve as a true index of initial reaction 
velocity, since the hydrolysis proceeds linearly with time over a period of 
many hours (see Fig 6) A plot of reaction velocity against substrate 
concentration shows the typical curve described for many pnzymes 
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(Fig 4) and a slight inhibitory effect at high substrate concentration which 
amounted to 15 per cent for a 5-fold increase in substrate concentration 
above that at which the maximum velocity was obtained 
Plots of the reaction velocity according to Lmeweaver and Burk (11) were 
made in order to obtam more accurate values for the Michaehs-Menten 
constant (Fig 5) In two determinations with different enzyme concen- 
trations, the Michaehs-Menten constants were 5 3 X 10 -5 and 4 5 X 10 -5 u 



SUBSTRATE CONCENTRATION MOLES/t- 


Fio 4 The effect of substrate concentration on rate of enzymatic hydrolysis of 
phenolphthalein mono /3 glucuromde The reaction rate is expressed in micrograms 
of phenolphthalein liberated in 1 hour at 38° The system consisted of 4 ml of 0 1 
m acetato buffer, pH 4 5, 0 5 ml of phenolphthalein mono /? glucuromde, and 0 5 
ml of glucuronidase Incubated 1 hour at 38° Reaction stopped and color devel- 
oped by addition of 5 ml of 0 4 m glycine buffer Color read against a control, with a 
540 m/i filter 

and the maximum velocity was found to be reached at a substrate 
concentration of about 0 00005 m 

In our work we chose a substrate concentration of 0 001 M, which bes on 
the relatively flat part of the curve and at which the velocity is close to the 
maximum, and changes in substrate concentration of ±10 per cent, which 
are limits easily reproducible, produce a change m velocity of only ±0 5 
per cent (Fig 4) 

The value for the Michaelis-Menten constant is rather lower than those 
reported for other substrates (4) sodium estnol glucuromde 0 0005 M, 
sodium menthol glucuromde 0 004 m, and sodium borneol glucuromde 

0 01 M 
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The rates of hydrolysis of phenolphthalem glucuronic acid and menthol 
glucuronic acid were compared, the same enzyme dilutions and the 
optimum conditions being employed for each substrate A linear corre- 
spondence was found between the enzymatic activity of various enzyme con- 
centrations as measured by the hydrolysis of the two substrates In this 
experiment phenolphthalem mono-ff-glucuromde was hydrolyzed about 2 5 
tunes more rapidly than menthol d-glucuromde The more rapid rate of 
hydrolysis of phenolphthalem glucuromde permits use of short incubation 
tunes 



Fig 5 The effect of substrate concentration on the rate of enzymatic hydrolysis 
of phenolphthalem mono 0 glucuromde Data of Fig 4 plotted according to Line 
weaver and Burk The velocity expressed in micrograms of phenolphthalem liber- 
ated per hour is divided by the substrate concentration m moles per liter and plotted 
against the substrate concentration in moles per liter From the slope and intercept 
of the graph, the Michaelis Menten constant was calculated to be 0 000053 zt 

Time Course of Hydrolysis — In an experiment to determine the course 
of hydrolysis with time, 0 002 m phenolphthalem glucuromde it 01 u 
acetate buffer, pH 4 5, was hydrolyzed by glucuronidase for periods of time 
varying from 0 5 to 20 hours This substrate concentration is sufficient 
to saturate the enzyme completely, so that the maximum velocity is main- 
tained The graph shown in Fig 6 demonstrates that during this period 
of time the velocity of hydrolysis is constant, and linearity is maintained 
The maximum amount of substrate decomposed at 20 hours was 9 75 per 
cent The prolonged linearity of the hydrolysis indicates that the enzyme 
has great stability on mcubation at 38° and pH 4 5, and that there was 
' apparently no appreciable inhibition by the products of the reaction under 
the stated conditions 
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TIME IN HOURS 

Fig 6 The course of enzymatic hydrolysis of phenolphthalem mono /9 glucuronide 
m relation to time The system consisted of 4 ml of 0 1 m acetate buffer, pH 4 5, 
0 5 ml of 0 02 m phenolphthalem glucuronide, 0 5 ml of glucuronidase Incubated 
at 38°, color developed by addition of 5 ml of 0 4 if glycine buffer Readings made 
against controls in in Evelyn colorimeter, mth a 540 nip filter 

Optimum Conditions of Assay — The kinetic data of the action of glu- 
curonidase on phenolphthalem mono-/3-glucuronide permit definition of 
conditions for a routine assay of the activity of this enzyme 




TALALAY, FISHMAN, AND HUGGINS 


769 


The optimum rate of hydrolysis at 38° m 0 1 m acetate buffer occurs at 
pH 4 5 The optimum substrate concentration is m the neighborhood of 
0 001 m The time of mcubation is not critical, since hydrolysis proceeds 
linearly with tune, but the rapid hydrolysis of the substrate permits very 
short mcubation times of 0 5 to 1 0 hours 
Reagents — 

01 it acetate buffer, pH It 5 5 785 gm of c p sodium acetate (CHj- 

COONa 3HiO) are dissolved in distilled water, 3 25 ml of glacial acetic 
acid (99 per cent CHjCOOH) are added, and the mixture is made up to 1 
liter with distilled water pH 4 50 Store in the ice box 
001 u phenolphihalein glucuronic acid 0 788 gm of the pure cinchomdine 
salt of phenolphthalein monoglucuronide (mol wt 788) are mixed with an 
excess of approximately 2 n hydrochloric acid in a separatory funnel and 
the mixture extracted with several portions of c p ethyl acetate The 
combined ethyl acetate extracts are evaporated m vacuo with slight warm- 
ing All traces of solvent are removed The residue is the free phenol- 
phthalein glucuronic acid This is neutralized by the addition of 0 1 n 
sodium hydroxide and made up to 100 ml with distilled water It dissolves 
to give a slightly turbid solution which is very nearly 0 01 m with respect to 
phenolphthalein glucuromc acid This amount of substrate is sufficient 
for about 60 determinations in duplicate Store in the ice box 
04 t>< glycine buffer, pH 10 l t 5 {12) This reagent arrests the reaction 
and develops the color Aminoacetie acid (Merck), 16 30 gm , and sodium 
chloride, 12 65 gm , are dissolved in distilled water, 10 9 ml of concentrated 
NaOH (100 gm of NaOH to 100 ml of water) (13) are added, and the mix- 
ture made up to 1 liter 

Phenolphthalein standard 100 mg of phenolphthalem, c p , are dis- 
solved m 100 ml of 80 per cent ethyl alcohol 

Method of Performing Assay 

Each determination is r un in duplicate with a single control 4 ml of 
01 m acetate buffer are pipetted mto test-tubes, and 0 5 ml of 0 01 m so* 
dium phenolphthalem glucuromde is added to the two experimental tubes 
but not the control The tubes are placed in a water bath at 38° and al- 
lowed to come to temperature 0 5 ml of enzyme solution is added to each 
tube at timed intervals, and the contents mixed by whirling The tubes 
are stoppered and allowed to incubate for an exact period of time, usually 
60 minutes At the end of this time, 5 ml of 0 4 m glycine buffer are added 
to each tube, including the control, and then 0 5 ml of the substrate is 
added to the control tube If there is any precipitation of tissue proteins 
in the tubes, they are centrifuged for 15 minutes at a rapid rate The 
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contents of the tubes are decanted into colorimeter tubes and read in an 
Evelyn photoelectric colorimeter with a 540 m/i filtei , the control tube in 
each case being set at 100 The color remains stable under these condi- 
tions of pH over a period of several hours Controls on the spontaneous 
hjdiolysis of the substrate have been run with each set of determinations, 
but the amount of hydrolysis occurring under the conditions of the test is 
so small as to be undetectable in the colorimeter 

The phenolphthalein calibration curve is prepared m the same buffer 
mixture which the experimental tubes finally contain Colonmeter tubes 
are prepaied to contain 4 0 ml of 0 1 m acetate buffer at pH 4 5, 5 0 ml 
of 0 4 m glycine buffer, and 1 0 ml of phenolphthalein solution of vaiying 
dilutions The phenolphthalein dilutions are prepared by diluting the 
alcohol standard (1 mg per ml ) just prior to use Readings are made 
against a watei blank with a 540 m y filter The color is stable for many 
hours A range of 5 to 60 y of phenolphthalein per 10 ml is conveniently 
coveied on the Evelyn scale 

Methods of extraction of enzyme from tissues as described by Oshima 
(5) are tedious and involve the risk of inactivation of the enzyme by organic 
solvents and lengthy manipulations Some of these undesirable features 
have been eliminated m a process devised by Fishman (14) for assaying 
glucuionidase activity m extracts of mouse organs This method has now 
been adapted to the assay of the enzyme with phenolphthalein glucuromde 
as substrate 

In the present procedure, consistent assay on small amounts of tissue can 
be obtained by preparing a crude homogenate As a check on the repro- 
ducibility of the results, a rat was bled from the carotids, and the liver 
removed and small pieces cut off and weighed on a torsion balance The 
weighed tissue was transfeired to an ice-chilled glass homogemzer, 5 ml of 
chilled distilled watei added, and the tissue homogenized for 1 to 2 minutes 
at rapid speed The homogenate was centrifuged, the supernatant de- 
canted, and 0 5 ml portions assayed in duplicate for glucuronidase activity 
Table I gives the values obtained for four separate samples of the same rat 
hvei independently weighed, homogenized, and assayed in duplicate 
When the activity is expressed m micrograms of phenolphthalein hberated 
m 1 hour at 38° per mg of liver tissue, the values fall within ±4 per cent 
The assay of solutions of the enzyme whether obtained in crude or purified 
state has been found to be reproducible and convenient 

Results of Assay 

Some idea of the magnitude of the glucuronidase activity of various rat 
tissues may be obtained from Table II No attempt is made in this paper 
to present average values for various tissues, but typical figures for the 
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Table I 


Consistency of Assay of Glucuronidase on Samples from Single Rat Liver 


Wet weight of tissue 

Volume of hemogenate 

Phenolphthalein liberated i 
per tube average of 2 
determinations 

Activity of phenolphthalein 
per hr per mg wet 
tissue weight 

at 

ml 

> 

units 

17 8 

5 

45 2 

25 4 

28 7 

5 

73 8 

25 7 

29 3 

5 

73 0 

24 9 

33 7 

5 

80 8 

24 0 

Average 

25 0 ± 0 7 


* 1 unit of glucuronidase activity liberates 1 y of phenolphthalein in 1 hour at 38° 
from phenolphthalein glucuromde at pH 4 5, under standard conditions 


Table II 


Glucuronidase Activity of Rat Organs 


Organ 

ratal wet 
weight of organ 

Weight of 
tissue assayed 

Phenolphthalein 
liberated per 
tube (10 ml ) 

Activity *per 
mg wet weight 
of tissue 

Total 
activity 
m each organ 


tm 

tnt 

y 

units 

r 

units 

Liver 

9 048 

34 7 

55 8 

16 0 

145,000 



' 

55 8 



Spleen 

0 9205 

33 8 

85 6 

25 3 

23,200 




85 6 



Kidney (both) 

1 8202 

65 6 

34 4 

5 25 

9,550 




34 4 



Lung 

2 535 

76 5 

39 9 

5 15 

13,100 




39 1 



Thyroid 

0 0338 

33 8 

21 3 

6 51 

220 




22 0 



Adrenal 

0 0130 

13 6 

6 0 

4 63 

63 




6 8 

1 


Prostate 

0 5368 

114 8 

34 8 

3 0 

1,610 




34 8 



Testis (one) 

2 1323 

102 3 

0 8 

0 1 

213 




1 1 



Seminal vesicle 

1 2035 

236 3 

5 5 

0 23 

276 




5 6 



Skeletal muscle 

0 680 

680 0 

7 7 

0 11 

75 




7 8 



Ovary (one) 

0 0156 

45 6 

43 3 

9 3 

424 




41 0 



Uterus 


25 5 

17 6 

6 8 





17 3 




* 1 umt of glucuronidase activity liberates 1 7 of phenolphthalein m 1 hour at 
38 from phenolphthalein glucuromde at pH 4 5, under standard conditions 
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total activity and concentration of the enzyme per mg of wet tissue weight 
are presented 


SUMMARY 

1 Phenolphthalem mono-jS-glucuromde is proposed as a substrate for 
the assay of the hydrolytic activity of ^-glucuronidase The liberated 
phenolphthalem is measured photocolonmetncally m alkaline solution 

2 Absorption spectra and extinction coefficients of phenolphthalem and 
phenolphthalem mono-/3-glucuromde have been determined and it is shown 
that phenolphthalem can be readily determined colorimetncally in the 
presence of its glucuromde with negligible interference 

3 The isolation and purification of phenolphthalem mono-/3-gluouromde 
from the urine of rabbits injected with water-soluble sodium phenol- 
phthalem phosphate is described 

4 The kmetics of the hydrolysis of phenolphthalem mono-/?-glucuromde 
by /3-glucuronidase have been investigated The optimum pH is 4 5 m 
01 m acetate buffer at 38° The reaction velocity is constant with tune and 
varies hnearly with enzyme concentrations m the presence of excess sub- 
strate The Michaeks-Menten constant is relatively low, 0 00005 m 

5 A simple method of performing glucuronidase assays on biological 
fluids and tissue extracts is described and typical values are given for rat 
organs 
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LETTERS TO THE EDITORS 


THE ISOLATION OF ETIOCHOLANOL-3(a)-DIONE-U,17 FROM 
HUMAN URINE 


Sirs 

We have recently ascertained the structure of a steroid isolated from 
human unne which has hitherto not been described from that source The 
compound has proved to be etiocholanol-3(a)-dione-ll , 17 It was ob- 
tained from the unne of normal men and women in amounts corresponding 
to an excretion of 1 to 2 mg per 24 hours It was likewise isolated from the 
unne of patients with the following disorders cancer of the breast, cancer 
of the prostate, lymphatic leucemia, adrenogenital syndrome, and Cush- 
ing's syndrome In view of the fact that this compound possesses an oxy- 
gen substituent in the 11 position which is characteristic of many of the 
adrenal cortical steroids, it can in all probabihty be considered a normal 
metabolic product of one of more of the adrenal cortical hormones 
The compound was isolated from the neutral ketonic fraction of hydro- 
•yzed unne by chromatographic separation It was eluted from alumina 
with ether containing 0 5 per cent met han ol or from magnesium silicate 
with ether-benzene (1 3) mixtures The compound melted at 188-189° 
[«]f = +95 8° ± 3° (0 34 per cent m ethanol), CigH-aOj, calculated, 
C 74 97, H 9 27, found, C 75 00, 75 28, H 9 54, 9 29 It formed a 
monoacetate melting at 163-164°, [a]i s = +145 4° ± 2° (0 563 per cent m 
ethanol), C 2I I+ 0 O<, calculated, C 72 81, H 8 72, found, C 72 65, H 8 71 
The monoacetate was recovered unchanged after treatment with CrOj m 
acetic acid at room temperature Oxidation of the unestenfied compound 
under the same conditions yielded etiocholantnone-3, 11 ,17, m p 132-133 , 
[«]? = +148 5° ± 1° (1 018 per cent in ethanol), C+H^O,, calculated, 
C 75 46, H 8 67, found, C 75 38, H 8 74 
The etiocholanol-3(a)-dione-ll,17 and the corresponding monoacetate 
were identified by direct comparison of the melting point of mixtures and 
of the infra-red spectra with the compounds prepared by Dr L H Sarett 
by partial synthesis from desoxychohc acid 1 They were in all respects 

1 Sarett, L H , J Biol Chem , 182 619 (1946) 
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identical We wish to thank Dr Sarett for samples generously made 
available to us 
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THE ENZYMATIC FORMATION AND THE ACCUMULATION OF 
LARGE AMOUNTS OF A METAPHOSPHATE IN BAKERS’ 
YEAST UNDER CERTAIN CONDITIONS* 


Sits 

Jenner and Brachet reported 1 that the affinity of yeast cells for basic 
dyes is strongly enhanced when yeast is incubated in phosphate and glucose- 
containing media following several passages through nutnent solutions 
devoid of phosphate This enhancement is accompanied by a correspond- 
ing increase of the amount of the acid-insoluble, non-lipide P fraction 
The authors suggested the hypothesis that this behavior of the yeast cells 
was caused by the enzymatic synthesis of ribonucleic acid 

Formahon of Acid Insoluble Non Lipide P Compound in Bakers’ Yeast 
100 gm of Fleischmann’s yeast were suspended in 5 liters of nutrient solution and 
aerated at room temperature Solution A, 0 5 per cent (NHi) SO, + 0 07 per cent 
KC1 + 0 035 per cent MgSO, + 0 05 N succinate buffer (pH 5 2) + 1 per cent glucose 
Solution B, Solution A (without succinate) r 0 1 N sodium phosphate mixture 
(pH 5 2) 


Preliminary incubation 

Final incubation 

Acid insoluble non bpide 
P in 100 gm moist yeast 





mg 

mg 

12 hrs in Solution A 

2 hrs in Solution B 

ICO 

1250 

1 hr “ “ “ 

2 a <« “ “ 

153 

600 

None 

2 <« <■ .. <■ 

145 

315 


Smce we were interested in the metabolism of nucleic acids, we investi- 
gated the behavior of the acid-insoluble P fraction of the yeast under con- 
ditions similar to those of the Belgian authors We observed likewise a 
striking increase of the amount of this fraction Some typical results are 
recorded m the accompanying table 

The phosphate compound can be extracted from the “P-ennched” yeast 
by cold water after a preliminary treatment of the yeast with cold alcohol 
and ether It is completely precipitated from the aqueous extract by the 
addition of barium acetate at pH 4 The dried reprecipitated Ba salt 
contains 18 7 per cent P and 41 7 per cent Ba (P Ba = 2 1) It is free of 
nitrogen, nbose, and inorganic phosphate On heatmg it in n HC1 at 100 

This study was aided by grants from the Rockefeller Foundation, the Godfrey 
H Hyams Trust Fund, the Bingham Associates Fund, and the Charlton Fund 
1 Jeener, R , and Brachet, J , Enzymologia, 11, 222 (1944) 
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during 7 minutes, 85 to 90 per cent of its P is converted to orthophosphonc 
acid The free phosphorous compound coagulates a solution of egg white 
According to these observations the P compound is a metaphosphate 3 
Since metaphosphate present in cells appears in the nucleic acid fractions 
obtained according to the method of Schmidt and Thannhauser, 3 the de- 
terminations of nucleic acid P should be supplemented by nbose or punne 
determinations whenever the possible presence of metaphosphate is indi- 
cated by the detection of easily hydrolyzable P in the nucleic acid fraction 
We found by the application of those criteria that no appreciable amounts 
of metaphosphate are present in animal tissues under ordinary conditions 

Boston Dispensary Gerhard Schmidt 

Tufts College Medical School Liselotte Hecht 

Boston S J Thannhiuser 

Received for publication, October 25, 1910 


2 After the completion of this report, a paper on the same subject by Wiame came 
to our attention (Wiame, J M , Bull Soc chun biol , 28, 552 (1946)) Wiame con- 
cludes from hm observations, which agree essentially with our chemical findings, that 
a metaphosphate is formed and accumulated in yeast Mann (Mann, T , Bwchem 
J , 38, 315 (1944)) demonstrated the presence of metaphosphate in Aspergillus mger 
* Schmidt, G , and Thannhauser, S J , J Biol Chan , 161, 83 (1945) 




BACTERIAL SYNTHESIS OF AN AMYLOPECTIN-LIKE POLY- 
SACCHARIDE FROM SUCROSE* 


Sirs 

We have found that sucrose can be converted to a glycogen- or amylo- 
pectin-hke polysaccharide by certain bactena of the Neisseria genus Dex- 
trans and levans have long been known to be formed directly from sucrose, 
but polysaccharides of the starch or glycogen class are generally beheved 
to require glucose-l-phosphate as substrate 

The present polysaccharide, obtainable in amounts as large as 3 to 5 gm 
per liter from cultures grown in 5 per cent sucrose broth, is soluble in cold 
water but not in 50 per cent alcohol Its solutions are highly opalescent 
and stain purple-red with iodine and both these properties are rapidly lost 
upon treatment with sahva A representative specimen had [a]jf = 
+185° (c r= 02in05N NaOH) and less than 0 1 per cent of the reducing 
power of glucose Its rate of hydrolysis m 1 0 n HC1 at 100° was the same 
as that of samples of glycogen and amyiopectin and was 4 to 5 times that 
of Leuconosloc dextran, the acid hydrolysate, corrected for the entry of 
water, had [a]“ = -f52 5° and 94 4 per cent reducmg sugars as glucose 
Hydrolysis was obtained also with a- and with /3-amylase to the extent 
respectively of 0 82 and 0 43 mg of reducmg sugar (expressed m terms of 
maltose) per 1 0 mg of polysaccharide Furthermore, phosphorolysis 
occurred when the polysaccharide was incubated with potato phosphorylase 
and inorganic phosphate 

The polysaccharide is denved from sucrose when washed bacterial cells 
obtained from glucose broth cultures were incubated with 0 05 m solutions 
of various sugars m maleate buffer, pH 6 4, abundant amounts of the poly- 
saccharide were formed in the test mixture with sucrose but none at all m 
the test mixtures with glucose, glucose and fructose, maltose, lactose, tre- 
halose, a-methylglucoside, mehbiose, raffinose, or melezitose 

When glucose-l-phosphate was used as substrate, traces of lodine-color- 
mg polysaccharide were formed However, this slight capacity, observed 
in test mixtures containing low concentrations (<0 0003 u) of inorganic 
phosphate, was entirely suppressed in mixtures in which the ratio of the 
molecular concentration of inorganic phosphate to that of the substrate was 
increased to 6 0 or above In contrast, the capacity of the bactena to form 
abundant polysaccharide from sucrose was not inhibited at all by the 
greatly increased concentration of inorganic phosphate Hence, the syn- 
thesis of amylopectm-hke polysacchande when sucrose is the substrate 

* This study was aided by a grant from the Sugar Research Foundation 
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apparently can be accomplished without the participation of glucose-1- 
phosphate as an intermediate substance 
The synthesis of amylopectin-hke material from sucrose by the present 
bacteria appears remarkably like the synthesis of dextran from sucrose by 
Leuconosloc enzymes, 1, 1 which likewise does not require glucose-l-phos- 
phate as an intermediate substance 2 
The equation 

nCnHaOii > (C(HiqOi) „ + nC*HuO» 

Sucrose polyglucosido fructoao 

would seem to express both the synthesis of dextran and of the present 
polysaccharide Although the latter synthesis has not yet been observed 
independently of the bacterial cells, we would suggest that the name 
amylasucra.se be given to the enzyme system in Neisseria sp responsible for 
the conversion of sucrose to the glycogen- or amylopectin-like polysac- 
charide in order to distinguish it from the phosphorylase plus “cross-link- 
ing” enzyme systems from animal tissues 5 or from potatoes 1 which convert 
glucose-l-phosphate to glycogen or amylopectm 

Department of Bacteriology and Immunology Edward J Hehrb 

Cornell University Medical College Doris M Hamilton 

New York City 

Received for publication, November 5, 1940 


1 Hehro, E J , Science, 93. 237 (1941), / Biol Chcm , 163, 221 (1946) 

1 Hchre, E J , Proc Soc Exp Biol and Med , 64, 240 (1943) 

3 Con. G T , and Cori, C F , J Biol Chem , 161, 57 (1943) 

* Haworth, W M , Peat, S , and Bourne, E J , Nature, 164 , 236 (1944) 


MODIFICATIONS IN THE LACTOBACILLUS FERMENTI 36 
ASSAY FOR THIAMINE* 


Sirs 

A previous publication 1 has outlined the use of L fermenti 36 for the 
assay of thiamine Subsequent experience in this laboratory with several 
hundred assays has revealed certain difficulties in using the method, which 
are in the mam associated with the growth of inoculum cultures and the 
development of standard curves with desirable low blank values 

Growth of mocula m the prescnbed medium, 1 which includes 0 1 7 of 
thiamine per 10 ml , and frequent transfer of the organism in stab cultures 
which contam no additional thiamine result in the development of standard 
curves with excessively high blank values Apparently the organism de- 
velops the ability to synthesize thiamine This is illustrated m Table I 


Table I 


Th Limine per 10 ml 

Optical density 

1st transfer 

30 th transfer 

7 



0 

0 040 

0 375 

0 01 

0 290 

0 550 

0 02 

1 

O 

0 660 

0 03 

0 550 

0 700 

0 05 

0 640 

0 730 


where the response of L fermenti to thiamine is observed after 30 daily 
transfers on stock agar 

It was felt that the addition of extra thiamine to the agar tubes and inocu- 
lum cultures might repress the synthesis of the vitamin by the organism 
and maintain it m its dependent state The results in Table II indicate 
that this is the case Thiamine is present at a level of 10 y per tube, which 
is considered a 100-fold excess over the organism’s optimum requirements 
After thirty-one transfers the culture grown m extra thiamine is still useful 
for assay, whereas the one transfered on stock agar is less desirable 
Low blank values are also favored by centrifuging the inoculum, resus- 
pending in 10 ml of stenle saline, and finally, diluting 1 drop of this sus- 
pension m 25 ml of saline rather than in 10 ml as previously described 

* Supported by a grant from the Nutrition Foundation, Inc Published with the 
approval of the Monographs Publications Committee, Oregon State College He 
search Paper No 104, School of Science, Department of Chemistry 
1 Sarett, H P , and Cheldelin V H , J Biol Chem , 165 153 (1944) 
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Table II 


Thiamine per 10 m! 

Optical clenilty 

lit transfer j 

Hit transfer 

I 

II 

I 

II 

7 





o 

0 no 

0 023 

0 185 



0 430 

0 110 

0 315 

1 

■ 39 ' * 

0 640 

0 650 

0 420 

mmmi 

■■mm- 

0 630 

0 600 

0 470 


0 06 

0 720 

0 720 

0 520 



I, inoculum culture grown in basal medium 1 + 0 1 y of thiamine per tube, Btab 
culture grown on stock agar II, inoculum culture grown in basal medium + 10 y of 
thiamine per tube, stab culture grown on agar + 10 y of thiamine per tube 


Routine assays during the past 6 months with the modified procedure 
have given consistent satisfactory performance 

Department of Chemistry Vernon H Cheldelin 

Oregon Stale College Margaiiet Jean Bennett 

Corvallis Harry A Kornbero 
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THE UTILIZATION OF FORMATE IN URIC ACID SYNTHESIS 
Sirs 

In a continuation of studies on the biological precursors of unc acid car- 
bon, sodium formate containing 3 34 atoms per cent excess C 15 has been 
administered to pigeons at the rate of 0 75 mu per hour for 12 hours 
Unc acid excreted during this time was extracted and purified Methods 
of degradation of unc acid by alkaline Mn0 2 have been outlined bnefly 
in the previous pubhcation 1 C0 2 formed by this degradation is denved 
from carbon 6, urea from carbons 2 and 8, and glyoxylic acid from carbons 
4 and 5 In this experiment glyoxylic acid was not further degraded to 
separate carbons 4 and 5 The atoms per cent excess G u present in these 
fractions of unc acid degradation were as follows carbon 6, 0 01 , carbons 
2 and 8, 2 41, carbons 4 and 5, 0 10 A sample of respiratory C0 2 taken 
at the mid-point of the experiment contained 0 02 atom per cent excess 
C u Although administered formic acid carbon did not appear in the 
expired C0 2 to a significant extent, formic acid is a precursor of the ureide 
carbons of unc acid and to a lesser degree of the 2-carbon fraction containing 
carbons 4 and 5 From the above data it may be calculated that 72 per 
cent of the ureide carbons of unc acid excreted was denved from formic 
acid administered It is thus seen that formate may play an important 
rdle in avian metabolism Previous studies 1 have demonstrated that the 
carboxyl carbon of acetate is likewise an important precursor of the ureide 
carbons but that C0 2 and the carboxyl carbon of glycine are not These 
facts would suggest that C0 2 is not reduced to formate m the bird but that 
formate may be denved from the carboxyl carbon of acetate This expen- 
ment also demonstrates that formate is not a precursor of carbon 6 of unc 
acid It is believed that this carbon atom is denved solely from C0 2 

Department of Physiological Chemistry John M Buchanan 

School of Medicine John C Sonne 

University of Pennsylvania 

Philadelphia 
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STREPOGENIN ACTIVITY OF SERYL GLYCYL GLUTAMIC ACID 
Sirs 

Since Plattner and Clauson-Kaas 1 have isolated the tomato-wilting 
agent elaborated by the pathogenic fungus Fusanum lycopersici, and have 
shown it to be a peptide containing aspartic acid, the idea occurred to the 
author that this toxic substance might be an inhibitory structural analogue 
of strepogenm 2 3 This working hypothesis arose because considerable 
evidence had been found m this laboratory to show that strepogenm is a 
peptide of glutamic acid The arguments for this cannot be expanded at 
this time, except to say that strepogenm concentrates are nch m glutamic 
acid, and that, for Lactobacillus casei, denvatives of glutamic acid such as 
glutamine and glutathione have activity However, these 7-amides of 
glutamic acid are destroyed by heat, whereas strepogenm is not 

With either crude or pure preparations of the tomato-wilting Fusanum 
substance (lycomarasmin), 4 it has been possible to show that the biological 
effects of the toxin are negated by concentrates of strepogenm Thus the 
wilting action on tomato leaves and also the inhibition of growth of L casei 
caused by lycomarasmin were reversed by strepogenm preparations The 
antagonism was competitive, at least over a limited range of concentrations 

The elucidation of the structure of lycomarasmin therefore becomes of 
prune importance, because if this were known, the constitution of strepo- 
genm might be deduced from it Plattner and Clauson-Kaas' found that 
hydrolysis of lycomarasmin, CsHuOjNj, yielded aspartic acid, glycine, and 
pyruvic acid, and proposed a structure for it 4 Because certam senne pep- 
tides are known to yield pyruvic acid on acid hydrolysis, it seemed possible 
that lycomarasmin might really contain senne Accordingly, seryl glycyl 
aspartic acid and glycyl seryl aspartic acid were synthesized and found to 
possess tomato leaf-wilting activity The first was about one sixth, and 
the second was one-half to one-fourth as active as lycomarasmin De- 
spite this activity it is uncertain whether either of these peptides is identical 
with lycomarasmin because they were less potent and more i\ ater-soluble 
These differences, however, may have resided in the fact that the senne 
was dl 

Nevertheless, seryl glycyl glutamic acid was synthesized and tested for 
strepogenm activity The synthesis was accomplished by the following 

* Plattner, P A , and Clauson Kaas, N , Helv chtm acta, 23, 1SS (1944) 

3 Woolley, D W , J Exp Med , 73, 487 (1941) Sprince, H , and Woolicj , D W , 
J Am C hem Soc , 67 1734 (1945) 

* Sprince, H , and Woolley, D XV J Exp Med , 80, 213 (1944) 

•Plattner,? A , and Clauson haaa, N Expenenlta 1 1 (1945) 

7S3 



784 


LETTERS TO THE EDITORS 


stages tosyl serine ethyl ester — > hydrazide — » azide — > tosyl seryl glycine 
ethyl ester — > hydrazide — > azide — > tosyl seryl glycyl diethyl glutamate -> 
free acid — » seryl glycyl glutamic acid This tripeptide, in which serine 
was dl, possessed relative strepogemn activity of 1 for L casei 3 One would 
expect the optically active form to be twice as potent Furthermore, like 
natural strepogemn, and in contrast to glutamine or glutathione, the 
activity was not affected by heating Finally, this peptide antagonized 
the tomato-wilting action of seryl glycyl aspartic acid 
The strepogemn activity of seryl glycyl glutamic acid was not great 
enough to justify a conclusion that it was identical with the naturally occur- 
ring substance Concentrates of the latter with relative potency of 40 have 
been made By determination of diffusion rate the molecular weight of 
natural strepogemn was found to he in the neighborhood of 300 to 500 
It is possible that seryl glycyl glutamic acid may be a fragment or relative 
of strepogemn, and as such has partial activity 
Aside from any hypothesis the following facts stand out (1) seryl glycyl 
aspartic acid and glycyl seryl aspartic acid have lycomarasmm activity, 
and (2) seryl glycyl glutamic acid has strepogemn activity for L casei 
The former and the latter peptides are antagonistic to each other in both 
types of test 

Laboratories of The Rockefeller Institute for Medical Research D W Woolley 
New York 
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Slyke, Hiller, Weisiger, and Cruz, 

121 

Methionine Determination, microbio 


Methionine — continued 

logical, Lyman, Moseley, Butler, 
Wood, and Hale, 161 

Foods, determination, colorimetric, 
Horn, Jones, and Blum, 313 

— , — , microbiological, Horn, Jones, 
and Blum, 321 

Liver lipides, Homing and Eckstein, 

711 

— phosphohpides, effect, Homing and 
Eckstein, 711 

Meat, Lyman, Butler, Moseley, Wood, 
and Hale , 173 

Proteins, determination, colorimetric, 
Horn, Jones, and Blum, 313 

— , — , microbiological, Horn, Jones, 
and Blum, 321 

Sulfoxide as glutamic acid antimetab- 
olite, Waelsch, Omdes, Miller, and 
Borek, 273 

Methyl group Labile, sarcosine as donor, 
du. Vigneaud, Sm tzaaads., and Cohn, 

47 

Mold See also Aspergillus 
Monoamlnophosphatlde(s) Phospho- 
lipide partition, micromethod, 
Schmidt, Benotti, Hershman, and 
Thannhauser, 505 

Muscle Tocopherol determination, Kau 
mlz and Beaver, 205 

N 

Neurospora Mutant strains, isoleucine 
and valine requirement, Bonner , 

545 

Niacin Deficiency, growth, amino acid 
relation, Krehl, Henderson, de la 
Huerga, and Elvehjem, 531 

Natural materials, Krehl, dela Huerga, 
Elvehjem, and Hart, 53 

Niacinamide Natural materials, Krehl, 
de la Huerga, Elvehjem, and Hart, 

53 

Nicotinamide Metabolite, new, Knox 
and Grossman, 391 

Nicotinic acid Determination, yeast 
microbiological method, Williams, 

397 

Trigonelline conversion, Huff, 5S1 
Urine, tryptophane effect, Stngol, 
Bnggs, Sydenstricker, and Littlejohn, 

573 
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Nitrogen Metabolism, pyndoxino in- 
sufficiency, Hawkins, MacFarland, 
and McHenry , 223 

Nuclease Desoxyribo-, bacterial virus, 
cfTcct, Cohen, 303 

Nucleic acid Rtbo See Ribonucleic 
acid 

Nuclcoproteln(s) Liver homogenates, 
precipitation by calcium chloride, 
Schneider, 595 

O 

Oleic acid Lactobacillus case i growth, 
effect, Williams and Ftegcr, 335 

P 

Pancreas Protein, crystalline, thymonu- 
clcodepolymeraso relation, Laskow 
ski, 555 

Pantothenic acid Synthesis, cysteic acid 
effect, Ravel and Shtvc, 407 

Pectin Amylo , like, polysaccharido, 

bacterial synthesis from sucrose, 
Hehrc and Hamilton, 777 

Penicillinase Production and purifica- 
tion, La Page, Morgan, and Campbell, 
1 165 

Peptidase Blood serum, Fruton, 721 
Carboxy-, crystalline, chemical and 
enzymatic properties, Putnam and 
Neurath, 603 

Lung, Fruton, 721 

Skin, Fruton, 721 

Peptlde(s) Bond, synthesis, Cohen and 
McGilvery, 261 

Peptldemla Casein, partially hydro- 
lyzed, effect, Christensen, Lynch, and 
Powers, 649 

Peptldurla Hyper-, casein, partially 
hydrolyzed, effect, Christensen, 
Lynch, and Powers, 649 

Perspiration Amino acids, Hier, Com- 
bleet, and Bergeim, 327 

Phenolphthaleln Glucuronic acid, glu- 
curonidase determination, substrate, 
Talalay, Fishman, and Huygins, 

757 

Phenylalanine Growth, effect, Rose and 
IPomacA,, 103 

Womack and Rose, 429 


Phenylalanine— continued 
iBomcrs, optical, utilization, Rose and 
Womack, 103 

Phosphate (s) Blood serum, determina 
tion, molybdivanadate use, Simon 
sen, Werlman, Weslover, and Mehl, 

747 

Mota-, yeast, enzyme formation, 
Schmidt, Hecht, and Thannhauser, 

775 

Phosphatide (s) Monoamino , phospho 
lipido partition, micromethod, 
Schmidt, Benotti, Hcrshman, and 
Thannhauser, 505 

Phosphoesterase Intestine, ribonucleic 
acid hydrolysis use, Zittle, 491 
Phosphollplde(s) Blood plasma, turn 
over, liver effect, Entenman, Chat 
koJJ, and Zilversmit, 15 

Liver, choline and methionine effect, 
Horning and Eckstein, 711 

Partition, monoammophosphatides 
and sphingomyelin, micromethod, 
Schmidt, Benolti, Hershman, and 
Thannhauser, 505 

Phosphorus Compounds, tissue, Schnei 
dcr, 595 

Radioactive, blood plasma phospho 
hpide turnover, use in study, Enlen 
man, Chaikoff, and Zilversmit, 15 
Pigment(s) Caro tenoid, absorption spec- 
tra, Carr-Price reagent effect, Cold 
well and Hughes, 505 

Cytochrome c, liver and, relation 
Crandall and Drabktn, 6x1 

Polysaccharide AmyJopectin like, hue 
terial synthesis from sucrose Hehre 
and Hamtlton, 777 

Porphyrin (s) Proto-, hemoglobin syn 
thesis, glycine utilization, Shemtn 
and Rttlenberg, 621 

— , IX, identification, Chu 463 

Vinyl group lacking identification, 
Chu, 463 

PregnanedioI-3 (j3),2t '/S) do , bile, 
Pearlman, 473 

Proteln(s) Armnoai I cxcietion, effect, 
Sauberhch and J an tann, 417 

Blood plasma, l ioj hysical studies, 
Deulsch and Geracde, 381 
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Protein (s) — continued 
Body fluids, determination, colori- 
metric, Albanese, Irby, and Saur, 

231 

Hydrolysates, ammo acids, separation, 
electrolytic, Sperber, 75 

Hydrolysis, acid, cysteine, Halwer and 
Nutting, 521 

Methionine determination, colori- 
metric, Horn, Jones, and Blum, 313 

, microbiological, Horn, Jones, and 

Blum, 321 

Nucleo , liver homogenates, precipita 
tion by calcium chloride, Schneider, 

595 

Pancreas, crystalline, thymonucleode- 
polymerase relation, Laskowski, 555 
Thromboplastic, blood, significance, 
Chargaff and West, 189 

Proteolysis Enzymes, tissue, Frulon, 

721 

Proteus OX-19, antigenic fractions, 
Bendtch and Chargaff, 283 

Prothrombin Time, fibrinogen effect, 
Deulsch and Gerarde, 381 

Protoporphyrin Hemoglobin, synthesis, 
glycine utilization, Shemm and Rit- 
lenberg, 621 

IX, identification, Chu, 463 

Pteroylglutamic acid Enterococcus 
growth, sulfonamides and, effect, 
Lampen and Jones, 435 

Lactobacillus growth, sulfonamides 
and, effect, Lampen and Jones, 435 
Pyrldortne Nitrogen metabolism, insuf- 


ficiency effect, Hawkins, MacFar- 
land, and McHenry, 223 

Tyrosine toxicity, deficiency relation, 
Marlin, 389 

R 

Respiratory enzyme (s) Sulfonamide ef- 
fect, Altman, 149 

Ribonucleic acid Hydrolysis, intestine 
phosphoesterase use, ZittXe, 491 

S 


Sar cosine Methyl group, labile, donor, 
du Vi gntaud, Simmonds, and Cohn, 

47 


Scurvy Adrenalin relation, Banerget and 
Ghosh, 25 

Skin Peptidase, FruXon, 721 

Sphingomyelin Hack, 455 

Lung, fatty acids, identification, 
Thannhauser, Benotti, and Boncoddo, 

677 

— , preparation, Thannhauser, Benotti, 
and Boncoddo, 677 

Phospholipide partition, micromethod, 
Schmidt, Benotti, Hershman, and 
Thannhauser, 505 

Reineckate, Hack, 455 

Tissue, hydrolecithin, Thannhauser, 
Benotti, and Boncoddo, 669 

Steroid (s) Bile acids. Turner, Mattox, 
Engel, McKenzie, and Kendall, 345 

, oxygen at Cn, Turner, Mattox, 

Engel, McKenzie, and Kendall, 345 
Stilbestrol Diethyl-, inactivation in 
mlro, Zimmerberg, 97 

Strepogenln Seryl glycyl glutamic acid, 
activity, Woolley, 783 

Streptomycin Bacterial virus, effect, 
Cohen, 393 

Sucrose Aroylopectin like polysaccha- 
ride, bacterial synthesis from, Hehre 
and Hamilton, 777 

Sulfoaamlde(s) Enterococcus growth, 
pteroylglutamic acid and, effect, 
Lampen and J ones, 435 

Lactobacillus growth, pteroylglutamic 
acid and, effect, Lampen and Jones, 

435 

Respiratory enzymes, effect, Allman, 

149 

Sulfur Metabolism, cystathionine is- 
omers, availabibty, Anslow, Sim 
monds, and du Vigneaud, 35 

Sweat See Perspiration 

T 

Thiamine Determination, Lactobacillus 
fermenli use Chcldehn, Bennett, 
and Kornbcrg, 779 

Thlenylalanlne /J 2-, synthesis, Ditlmer, 
Herz, and Chambers, 541 
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Thlonlne Cyata-, isomera, availability, 
Anslow, Stmmonds, and du 
Vigncaud, 35 

— , — , synthesis, Anslow, Stmmonds, 
and du Vigncaud, 35 

Thromboplastlc protein Blood, signif- 
icance, Chargaff and West, 1S9 

Thymonucleodepolymeraso Pancreas 
protein, crystalline, relation, Las- 
kowskt, 555 

Thyrotropic hormone Iodine, effect, Al- 
bert, Rawson, Merrill, Lennon, and 
Riddell, 637 

Tocopherol Muscle, determination, 
Kauntlz and Beaver, 205 

Transaminase Aspartic glutamic, tissue 
homogenates, determination, Ames 
and Elvehjem, 81 

Trigonelline Conversion to nicotinic 
acid, Huff, 581 

Tryptophane Deficiency, growth, amino 
acid relation, Krehl, Henderson, dc la 
Huerga, and Elvchjcm, 531 

Urine nicotinic acid, effect, Singal, 
Briggs, Sydcnslrickcr, and Littlejohn, 

573 

Turtle Blood, liver, and egg > olh lipides, 
Chaikoff and Entenman, 683 

Tyrosine Ascorbic acid metabolism, re- 
lation, Basmski and Sealock, 7 
d-, and acetyl derivatives, preparation, 
Sealock, 1 

Growth, effect, IFomac^ and Rosa, 429 
Toxicity, pyndoxine deficiency, Mar- 
tin, 389 

Utilization, Albanese, Irby, and Lem, 

513 


U 

Urea Synthes, s, liver homogenates, 
Cohen and Hayano, 2ol 

Uric acid Carbon, precursors, biological, 
Sonne, Buchanan, and Delluva, 395 
Synthesis, formate effect, Buchanan 
and Sonne, 781 

Urine Etiocholanol 3(a) dione 11,17 iso 
lntion, Licberman and Dobnner, ,73 
Nicotinic acid, tryptophane effect, 
Stngal, Briggs, SgdenslncUr, and 
Littlejohn, 573 

Peptides Sec also Hyperpcptiduria 

V 

Valine Neurospora mutant strains, re 
quirement, Bonner, 545 

Virus Bacterial, streptomycin and des- 
oxyribonuclease effect, Cohen, 393 
Vitamin (s) A, absorption spectrum, 
Carr Price reagent effect, Caldwell 
and Hughes, 565 

— , blood serum, determination, micro , 
Bcssey, Lowry, Brock, and Lopez, 

177 

Bt Sec also Thiamine 
Bi Sec also Pyndoxine 
C Sec also Ascorbic acid 

Y 

Yeast Extracts, salt fractionation, elec- 
trophoresis, Stem, Schetn, and Wal 
lerstem, 59 

Metaphosphate, enzymatic formation, 
Schmidt, Hecht, and Thannhauser, 

775 

Nicotinic acid determination, use in, 
Williams, 397 




